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P REFACE 


One  of  the  recent  attempts  to  use  a contractual  device  to  manage 
advanced  technology  weapon  system  acquisition  is  the  Reliability 
Improvement  Warranty  (RIW).  The  RIW's  effects  on  project  outcomes 
and  its  preferred  form  are  still  not  well  understood.  The  Department 
of  Defense  hopes  that  the  RIW  will  improve  the  reliability  and  reduce 
the  life  cycle  cost  of  its  weapon  systems.  This  report  describes  the 
accumulated  experience  with  warranties  In  both  commercial  and  military 
settings.  It  should  be  of  Interest  to  the  development,  acquisition, 
logistics,  and  contracting  communities  of  all  branches  of  the 
Department  of  Defense. 

This  research  was  initiated  by  Rand,  and  was  jointly  sponsored  by 
two  Project  AIR  FORCE  programs;  Systems  Acquisition  Management 
(project:  System  Acquisition  Policy  Studies)  and  Operations  and 
Readiness  Improvements  (project:  Metliods  and  Applications  of  Life 
Cycle  Analysis  for  Air  Force  Systems). 
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SUMMARY 


One  of  the  devices  aimed  at  Improving  reliability  of  weapon  sys- 
tems and  reducing  their  life-cycle  costs  now  being  studied  and  tested 
by  the  U.S.  Department  of  Defense  (DoD)  is  the  Reliability  Improvement 
Warranty  (RIW) . Under  an  RIW,  a contractor  assumes  responsibility  on 
a fixed-price  basis  for  repairing  or  replacing  (as  he  sees  fit)  war- 
ranted units  that  fail  during  the  warranty  period.  (A  variation  com- 
bines the  warranty  with  a guarantee  that  obligates  the  contractor  to 
take  whatever  steps  are  necessary  to  meet  specific  reliability  levels.) 
This  report  explores  the  RIW  concept  by  evaluating  commercial  analogs, 
past  DoD  warranty  experience,  and  current  trial  RIW  applications. 

In  August  1974,  various  parts  of  the  Office  of  the  Secretary  of 
Defense  requested  tri-service  experimentation  with  RIWs.  At  that  time 
military  experience  with  warranties  was  scant,  but  commercial  experi- 
ence was  widely  regarded  as  promising.  In  fact,  however,  from  the 
buyer's  perspective  commercial  experience  does  not  justify  optimistic 
expectations  for  RIWs.  The  purpose  of  consumer  product  warranties  has 
usually  been  either  promotional  or  protective — they  have  either  been 
marketing  tools  or  devices  to  limit  liability.  They  rarely  Improved 
product  quality. 

Commercial  airline  avionics,  which  usually  carry  warranties, 
appear  at  first  sight  to  be  generally  more  reliable  than  similar  equip- 
ment used  by  the  military  services.  However,  there  are  too  many 
differences  in  the  commercial  and  military  worlds — e.g.,  in  defini- 
tions, mission  requirements,  operating  and  support  environments,  and 
data  systems — to  credit  the  better  reliability  to  the  warranties. 

The  effect  of  the  warranties  in  completed  DoD  programs  is  largely 
unclear.  The  Navy's  APN-154  Beacon  experienced  improved  reliability, 
but  the  Improvement  is  traceable  to  pve-warvanty  redesign  and  exter- 
nally generated  component  technology  advancements,  not  to  the  warranty. 
Another  item,  the  Navy's  2171  Gyro,  also  improved  significantly,  but 
such  improvement  may  have  been  obtainable  through  effective  use  of 
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increased  testing  apart  from  the  warranty  program,  perhaps  at  less  cost. 

In  the  other  completed  warranty  program,  the  Air  Force's  F-111  Gyro,  units 
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under  warranty  were  more  reliable  than  units  purchased  previously 
without  a warranty.  The  warranty  was  not  clearly  responsible  for  the 
improvement  though.  Because  the  number  of  warranted  units  purchased 
was  severely  reduced  and  those  that  were  purchased  were  used  far  less 
than  expected,  the  contractor  made  only  t>ne  minor  design  Improvement 
during  the  warranty  period.  The  warranted  unltH*  reliability  is  ex- 
plained by  their  having  been  manufactured  by  a dllieit-nt  contractor 
than  the  nonwarranted  units,  selected  in  a competitive  environment, 
and  subjected  to  substantial  failure  mode  testing  before  delivery. 

Although  it  did  not  conclusively  prove  that  warranties  were  a 
major  factor  in  the  observed  results,  examination  of  the  ttiree  completed 
DoD  warranty  programs  does  permit  the  following  observations: 

o Modification  after  some  operational  use  of  appropriate  oper- 
ational testing  is  almost  always  desirable  to  take  advantage 
of  field  experience  and  advances  in  component  state  of  the 
art  and  can  be  promoted  without  a warranty, 
o Implied  in  the  above. statement  is  the  worth  of  schedule 
flexibility  in  the  program  to  allow  Incorporation  of  test 
data  in  the  subsequent  development  and  production  process, 
o To  the  extent  that  modification  is  envisioned  or  desired,  it 
may  be  valuable  to  Involve  the  contractor  in  the  initial 
overhaul  and  repair  activities  so  it  will  be  better  able  to 
formulate  product  improvements, 
o Because  the  prospect  for  reliability  growth  is  dimmed  by 
program  quantity  reductions  and  underutilizations,  RIWs 
should  not  be  applied  to  programs  subject  to  extreme  quantity 
or  utilization  uncertainty. 

There  are  many  current  experimental  applications  of  the  RIW  con- 
cept, and  conclusions  about  the  value  of  RIWs  should  probably  await 
their  results.  The  warranty  periods  of  the  current  programs  end  in 
the  early  1980s,  but  possible  new  trial  applications  arc  still  being 
reviewed  so  the  data  may  not  be  complete  until  the  mid-1980s.  More 
important,  expectations  of  the  ability  to  draw  conclusions  from  cur- 
rent experiments  may  be  overopt imist ic. 
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I.  INTRODUCTION 


THE  PROBLEM 

In  the  absence  of  an  offsetting  decline  In  acquisition  costs,  the 
lifetime  expenditure  required  by  typical  modern  weapons — their  life- 
cycle  cost — has  been  rapidly  increasing.  The  availability  of  crucial 
systems  is  poor:  FY  1976  operational  readiness  (OR)  rates  for  Navy 
fighters — 46.5  percent  for  the  F-4  and  32.9  percent  for  the  F-14 — are 
examples.  Operation  and  maintenance  (O&M)  costs  are  rising:  for 
example,  in  FY  1964,  Air  Force  O&M  costs  accounted  for  $4.27  billion 
out  of  a total  obllgational  authority  (TOA)  of  approximately  $20  bil- 
lion (21  percent);  for  FY  1978,  the  Air  Force  requested  $9.8  billion 

2 

for  O&M  out  of  a requested  TOA  of  $35.3  billion  (28  percent). 

Important  factors  contributing  to  poor  availability  and  high  O&M 
(or  support)  costs  are  inadequate  system  reliability  and  maintainabil- 
ity. Reliability  refers  to  the  probability  that  an  item  will  perform 

a required  function  under  specified  conditions,  without  failure,  for  a 

3 

specified  period  of  time.  Maintainability  refers  to  "the  ease  with 

4 

which  an  item  may  be  tested,  repaired,  and  installed." 


Information  submitted  for  the  record  by  the  Navy  to  the  Senate 
Armed  Services  Committee,  reprinted  in  Aeroapaae  Daily,  28  April  1977. 
The  full  systems  capable  readiness  rates  were  30.2  percent  for  the  F-4 
and  27.8  percent  for  the  F-14.  Unweighted  averages  for  the  27  air- 
craft systems  measured  were  57.0  percent  (operational  readiness)  and 
46.8  percent  (full  systems  capable). 
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Maj.  Gen.  R.  F.  Trimble,  then  Director  of  Procurement  Policy, 
Office  of  Deputy  Chief  of  Staff,  Systems  and  Logistics,  United  States 
Air  Force,  in  Proceedings  of  Aviation  Supply  Office  Failure  Free  War- 
ranty Seminar,  Held  in  Philadelphia,  Pennsylvania,  on  December  12-lS, 
1973,  p.  121;  Lt.  Gen.  Alton  D.  Slay,  Deputy  Chief  of  Staff,  Research 
and  Development , United  States  Air  Force,  in  House  Committee  on  Armed 
Services,  FY  1978  DoD  Appropriation  Authorization,  Hearings,  95th 
Cong.,  1st  Sess.,  Part  Two,  p.  342. 

^AFM  11-1,  Vol.  2. 

4 

Joseph  A.  Bizup  and  Randall  R.  Moore,  Techmque  for  Selecting 
and  Analyzing  Reliability  Improvement  Warranties,  Naval  Air  Systems 
Command,  R-7505,  June  1975  (rev.  June  1976),  p.  5.  See  also  AFM  11-1, 
Vol.  2. 


It  la  widely  believed  that  manufacturers  pay  Inadequate  attenllun 
to  their  products'  reliability  and  maintainability  because  most  weapon 
system  contracts  fall  to  burden  the  contractor  with  a major  portion  of 
the  life-cycle  costs.  Figure  I illustrates  the  typical  contractual 
distribution  of  burdens  and  risks.  The  "cost  to  produce"  curve  repre- 
sents the  usual  costs  Incurred  up  until  delivery  of  the  product  from 
the  contractor  to  the  using  command  (often  termed  "acquisition  cost"). 
From  that  point  on,  the  buyer  exclusively  and  explicitly  bears  the 
costs  of  supporting  the  product.  Profit  Is  roughly  equal  to  contract 
price  less  the  "cost  to  produce,"  so  the  Incentive  In  this  situation 
Is  to  meet  only  the  minimum  acceptable  reliability  level  (point  ;•) 
where  profit  Is  greatest.^  Moreover,  to  the  extent  that  the  producer 
has  no  competition  In  providing  replenishment  spares  and  support 
equipment,  he  has  even  less  incentive  to  achieve  more  than  minimum 
reliability. 

All  other  things  equal.  Improved  system  reliability  (like  Improved 

maintainability)  reduces  support  costs  (see  Fig,  2),  If  a contractor 

were  sensitive  to  both  production  and  support  costs  (the  sum  being 
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termed  "total  contractor  cost"),  then  in  theory  reliability  will 
improve  (from  r to  /•').  (Note  that  In  Fig.  2 the  contractor  would 
seek  any  reliability  Improvement  Intended  to  reduce  his  total  costs 
only  when  the  pre-warranty  reliability  level  falls  to  the  left  of  /•'.) 
The  cost  to  the  buyer  of  this  improvement,  on  the  surface,  will  be  the 
amount  of  any  negotiated  upward  adjustment  of  the  contract  price  (the 
difference  between  p*  and  p)  necessitated  by  the  redistribution  of 
burden  and  risk. 

Although  the  U-shaped  total  contractor  cost  curve  Is  commonly 
accepted  as  « simplified  but  valid  description  of  the  reliability 
Incentive  inherent  In  a fixed  price  warranty.  It  is  not  the  only 

^Two  caveats  must  be  mentioned.  First,  this  of  course  describes 
an  environment  of  fixed  price  contracts.  Second,  It  Is  an  intentional 
oversimplification  of  the  Incentive  mechanism.  The  role  of  profit 
maximization  in  the  defense  sector  Is  neither  explicit  nor  unequivocal 
owing  to  difficulties  In  defining  profit  and  the  special  Importance  of 
sales  and  other  factors  In  determining  "maximization  behavior." 
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The  model  In  Fig.  2 tells  nothing  about  the  way  an  Improvement 
In  reliability  affects  the  buyer's  total  costs  (contract  price  plus 
buyer's  O&M  coats). 
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Cost  (Ooilan) 
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*Curve  it  a frequently  used  representative 
illustration  of  the  positive  correlation 
between  reliability  and  coit,  ceUris  paribus. 

Fig.l  — Represenfative  MlusfraHon  of  cost  vs.  reliability 
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posNlblo  product  reaultlug  from  tho  Munmuitlon  of  the  coat-to-produce 
aiid  the  coat-to-aupport  ctirvea.  Depending  on  the  alopes  of  tlieae 
two  curvea.  It  la  alao  poaalble  to  produce  a total  coat  curve 
that  la  horlcontal,  or  continually  rising,  or  continually  declining 
over  the  relevant  regions.  Aaaiunlng  a fixed  contract  price,  in  the 
t Irat  case  a profit  would  be  the  same  at  all  levels  of  reliability;  In 
the  second  case  imixlmum  profit  would  be  obtained  at  the  minimum  accept- 
able reliability;  in  the  third  case  maximum  profit  Is  obtained  at  maxl- 
miun  attainable  reliability.  Unless  the  slopes  of  these  two  curves  are 
known,  a profit-maximizing  contractor's  behavioral  response  to  a war- 
ranty would  be  difficult  to  predict.  Identification  of  the  proper 
total  cost  curve  (and  therefore  probable  contractor  response)  Is  more 
difficult  when  the  Item  to  be  procured  is  still  In  the  concept  or 
design  stage,  because  tl»e  reliability  and  cost-l o-produce  or  cost-to- 
support  relationships  are  not  known.  Current  efforts  to  encourage 
reliability  Improvement,  which  this  report  examines,  proceed  from  the 
model  In  Fig.  2. 

RESPtlNSES  TO  THE  PROBLEM 

Efforts  to  provide  contractors  Incentives  to  design  in  reliabil- 
ity and  low-cost  support  features  generally  have  not  been  successful. 
Past  attempts  have  Included  (1)  Inclusion  of  target  mean  time  between 
failures  (MTBF)  in  performance  specifications  along  with  target  unit 
production  cost  gmils,  and  (2)  solicitation  of  life-cycle  cost  (LCC) 
estimates  from  competing  contractors  to  Incorporate  them  into  the 
source  selection  decision  process.  The  latter  technique  is  still  in 
wide  use;  over  a dozen  current  Air  Force  programs  have  featured  it, 
including  the  F-16  and  the  Advanced  Medium  STOL  Transport  (AMST) . The 
weakness  of  both  methods  Is  the  absence  of  enforcement  features: 

After  the  contract  award  to  a sole  source,  no  mechanism  ensures  that 
the  target  or  submitted  estimates  will  be  In  fact  obtained.  Acenrd- 
inglv,  several  of  the  programs  using  LCC  estimates  in  source  selection 
decisions  also  feature  one  of  several  new  contractual  Incentive 
provls Ions. 

In  general,  traditional  contractual  Incentives,  such  as  award 
fees  based  on  achieving  acquisition  cost  targets,  have  ni>t  had  an 


Jk,  ■■  ■ wTT 
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apprei' l^^ble  effect  on  contractor  motivation.^  Available  evidence 
siigge.sts  that  subsequent  events  usually  influence  these  types  of 
defense  incentive  contracts  rather  than  being  constrained  or  Influenced 
by  them,  and  lead  to  accommodating  modifications  of  terms."  However, 
the  Depfirtment  ol  Defense  has  recently  bt>gun  experimenting  with  the 
following  special  contractual  terms  that  seek  to  address  contractor 
motivation  specifically  to  reduce  support  costs  and  improve  product 
rel iabl II ty : 

1.  Target  Logistics  Support  Cost  Commitment/Correct  Ion  of 
Deficiencies  (TLSC/COD) 

2.  Reliability  Improvement  Warranty  (RIW) 

3.  RIW  with  a Cuaranteed  Me.in  Time  Between  Failures  (KIW  with 
CMTBF) . 

Target  Logistics  Support  Cost  Commitment 

TLSC/COD  establishes  logistics  support  cost  (LSC)  targets  In  the 
contract  for  the  whole  system,  for  a variety  of  subsystem.s,  or  for 
first-line  units  (FLUs).  After  a specified  operating  period  (usually 
measured  In  operating  time),  the  LSC  for  each  unit  is  measured  and 
compared  with  the  target  LSCs.  If  the  measured  LSC  does  not  exceed 
the  target  by  a stipulated  amount  (e.g. , 25  percent  in  the  General 
Dynamics  F-16  contract),  the  contractor  receives  an  additional  cash 

^Russell  R.  Shorey,  Director  of  Acquisition  and  Support  I’lanning, 
Office  of  the  Assistant  Secretary  of  Defense  (Installations  and 
Logistics),  "Factors  In  Balancing  Government  and  Contractors  Risk  with 
Warranties,"  In  Proceedings,  1976  Annual  RclialytliUj  and  ^kiintaituibil- 
ity  Symposium,  p.  366. 

2 

This  finding,  by  Arthur  J.  Alexander  of  The  Rand  Corporation,  Is 
reported  In  an  appendix  titled  "Experience  of  the  Department  of 
Defense  with  Incentive  Contracting,"  In  Leland  L.  Johnson  et  al . , 
Alternative  Institutional  Arrangements  for  Developing  and  Cimwrterci  al - 
ising  Breeder  Reactor  Technology,  The  Rand  Corporation,  R-2069-NSF, 
November  1976.  This  phenomenon  has  also  been  observed  in  tlu'  setting 
of  light  water  reactor  construction.  See  Robert  Perry  et  al., 
l\'Velopment  a>ui  Commercialization  of  the  Light  Water  Reactor,  19-H'- 
1976,  The  Rand  Corporation,  R-2180-NSF,  June  1977,  pp.  20-25. 
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award.  For  certain  FLUs,  the  contract  may  Include  a clause  obligating 
the  contractor  to  take  corrective  action  (test,  redesign,  retest,  retro- 
fit) to  bring  the  I,SC  within  the  prescribed  margin  for  a predetermined 
price. ^ The  government  has  the  option  to  Invoke  tills  correction  of 
deficiencies  (COD)  clause  when  the  measured  LSC  for  a unit  exceeds  the 
target  by  more  than  the  stipulated  "cushion."  Of  the  three  approaches, 
the  TLSC  commitment  Is  both  the  least  ambitious.  In  terms  of  Its  novel- 

3 

ty,  and  the  least  widely  used.  This  report  focuses  on  the  RIW  concept 
and  the  variation  combining  the  warranty  with  a guaranteed  reliability 
1 eve  I . 

Reliability  Improvement  Warranty  and  MTBF  Guarantee 

The  most  frequently  used  technique  for  "buying  reliability"  Is  a 
w.arranty  clause — In  current  DoD  ptirlance,  a I'cltahility  irtiTtnicmcnt 
UcirtMKtii  (RIW).  In  some  respects,  the  RIW  Is  Identical  to  the  famil- 
iar warranty  accompanying  most  consumer  products.  Under  an  RIW,  the 
contractor  normally  assumes  responsibility  on  a firm  fixed  price  basis 
for  repairing  or  replacing  (as  he  sees  fit)  warranted  units  that  fall 
during  the  warranty  period.  The  difference  between  the  fixed  warranty 
contract  price  and  the  expenses  Incurred  In  performing  under  the  war- 
ranty Is  profit,  so  that  contractor  has  an  Incentive  to  minimize 
repair/replacement  costs  (and  thus  to  improve  reliability). 

An  RIW  variation  combines  the  warranty  with  a guarantee  of  a 
certain  reliability  level  (expressed  In  MTBF).  If  the  computed  MTBF 
for  a given  measurement  period  falls  below  the  guaranteed  value  for 
the  period,  the  contractor  must  provide  the  following: 

^Thls  is  the  so-called  "award  fee"  version.  One  USAF  program, 
the  AN/ARC-lf>4  UHF  Radio,  features  an  "Incentive  fee"  provision  under 
which  the  contractor  can  earn  v:p  to  $10.4  million  but  can  also  lose 
up  to  $10.4  million. 

The  ARN-118  TACAN  program  Is  the  only  one  with  a TLSC  commitment 
that  does  not  Include  a COD  clause. 

^The  Air  Force  Is  using  the  technique  on  four  programs:  (1)  F-lb 
(three  FLDs) — (a)  Radar/E-O  Display,  (b)  Digital  Scan  Computer, 

(c)  Fire  Control  Computer;  (2)  A-IO  (called  "Target  Logistics  Effect"); 
(3)  AN/ARN-lOl  Tactical  LORAN;  and  (4)  AN/ARC-164  UHF  Radio. 
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1.  Engineering  analysis  identifying  the  causes  of  noncompliance. 

2.  No-cost  (to  the  government)  engineering  change  proposals 
(ECPs). 

3.  Modification  of  all  existing  units  in  accordance  with  the 
approved  changes  (at  contractor  expense) . 

4.  Consignment  spares  for  government  use  until  it  is  shown  that 
the  guaranteed  hTTBF  is  being  achieved.  (These  become  the 
government's  property  at  no  extra  charge  at  the  end  of  the 
warranty  period  if  the  guarantee  is  not  met.)^ 


The  key  difference  between  the  RIW  alone  and  the  RIW  with  the  guaran- 
tee, of  course,  is  the  obligation  under  the  guarantee  to  upgrade  all 
units  (including  those  already  in  the  field)  in  the  event  that  relia- 
bility measurements  fall  below  the  guarantee  level. 

The  RIW  is  the  principal  contractual  approach  under  Investigation 

by  the  Department  of  Defense  for  improving  the  reliability  and  reducing 

the  life-cycle  cost  of  modern  weapon  systems.  The  current  UoD-wide 

experimentation  is  the  result  of  an  August  1974  memorandum  from  OASD 
2 

(I&L)  and  DDR&E.  Roughly  30  items  have  been  procured  under  warranty 
by  the  services  in  the  last  13  years.  The  Air  Force  alone  is  currently 
procuring  16  items  under  RIW,  more  than  half  of  which  are  F-16  subsys- 
tems and  components:  responsibility  for  these  trial  applications  resides 
with  the  Directorate  of  Procurement  Policy,  Office  of  the  Deputy  Chief 
of  Staff  (Systems  and  Logistics).  Depending  on  the  number  of  contract 
options  exercised,  the  Air  Force  warranty  expenditure  will  likely  exco*'d 
$65  million. 


The  consignment  spares  provision  is  not  Included  in  all  warranty 
contracts  with  a guarantee.  See  Richard  Kowalski  and  Roy  White, 
"Reliability  Improvement  Warranty  and  the  Army  Lightweight  Doppler 
Navigation  System  (LDNS),"  in  Proc'eediniia,  197?  Annual  Reliahilitij  arui 
MainUiinabilitij  Sympoaium^  Washington,  D.C.,  1977,  pp.  240-241  ; Ronald 
A.  Mlinarchlk,  "RIW  Experience  at  ECOM,"  ibid.,  p.  258. 

2 

Memorandum  to  the  Assistant  Secretaries  of  the  Military  Services 
from  the  Assistant  Secretary  of  Defense  (Installation  and  Logistics) 
and  the  Director  of  Defense  Research  and  Engineering  on  "Trial  Use  of 
Reliability  Improvement  Warranties  in  the  Acquisition  Process  of  Elec- 
tronic Systems /Equipment ,"  13  August  1974,  and  attached  "Reliability 
Improvement  Warranty  Guidelines." 


-9- 


OBJECTIVES  OF  THE  STUDY 

It  is  widely  believed  that  RIWs  offer  an  effective  way  to  Improve 
military  equipment  reliability  levels.  However,  neither  their  effec- 
tiveness nor  their  appropriateness  are  well  understood.  Therefore, 
this  study  had  three  purposes:  (1)  to  survey  and  describe,  across 
programs,  the  substantive  terms  of  existing  RIW  contracts  (Sec.  II); 
(2)  to  reassess  the  soundness  of  the  RIW  concept  and  experiment  by 
considering  the  commercial  experience  used  as  a model;  and  (3)  to  sum- 
marize, where  possible,  the  outcomes  of  completed  DoD  warranty 
contracts  (Sec.  III). 

The  ambiguity  of  the  practical  meaning  of  risk  redistribution 
described  above  can  inhibit  assessment  of  the  RIW  approach.  On  the 
one  hand,  an  RIW  may  be  viewed  simply  as  an  insurance  policy  providing 
enforceable  contractual  damage  claims  as  a hedge  against  poor  relia- 
bility. On  the  other  hand,  it  may  be  viewed  as  a device  to  motivate 
contractor  design  and  manufacturing  behavior.^  Although  both  views 
recognize  the  contractual  redistribution  of  risks  and  burdens,  actual 
reliability  Improvement  is  important  only  to  the  second  one;  It  is 
largely  Irrelevant  to  the  first.  Although  no  consensus  has  developed 
on  the  priority  of  RIW  objectives,  the  RIW  is  apparently  intended 
primarily  to  motivate  contractors  and  secondarily  to  be  an  insurance 

policy.  Reflecting  not  only  a concern  for  life  cycle  costs  but  also 

2 

for  operational  readiness,  reliability  improvement  is  the  prime  goal. 
This  is  supported  by  official  statements  about  the  RIW  (as  well  as  its 
name) : 

The  objective  of  an  RIW  is  to  motivate  and  provide  an 
incentive  to  contractors  to  design  and  produce  equip- 
ment which  will  have  a low  failure  rate  as  well  as  low 
repair  costs  after  failure  due  to  f leld/operational 


An  additional  by-product  is  that  the  contractor  must  reveal  his 
estimation  of  the  capitalized  life  cycle  costs  during  the  warranty 
period. 

2 

There  is  disagreement  even  as  to  what  this  term  means.  Some 
argue  that  it  compares  reliability  achieved  under  a warranty  with  the 
reliability  hypothetically  achievable  without  a warranty;  others  argue 
that  it  refers  to  reliability  growth  over  the  warranty  coverage  period. 
The  term  as  it  is  most  widely  used  seems  to  incorporate  both  varia- 
tions. 


’ V. 
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use.  Furthermore,  this  technique  attempts,  through  the 
use  of  contractual  agreements  (where  the  period  of  per- 
formance extends  over  several  years)  to  provide  an 
Incentive  for  contractors  to  improve  the  reliability  of 
their  equipment  and  to  reduce  repair  costs  during  the 
period  of  warranty  coverage  in  order  to  maximize  their 
profits. ^ 


Our  discussion  of  the  RTW  will  be  shaped  by  this  hlerarclw  of  goals. 
The  chief  concern  of  the  analysis  In  Sec.  Ill  will  be  whettier  KIWs 
in  the  past  actually  resulted  in  more  reliable  products  and  if  they 
can  be  expected  to  do  so  in  the  future. 


Headquarters,  United  States  Air  Force,  DCS/Systems  and  Logistics, 
Directorate  of  Procurement  Policy,  "Interim  Guidelines:  Reliability 
Improvement  Warranty,"  July  1974,  pp.  1-2.  These  guidelines  have  not 
been  updated. 


II.  RELIABILITY  IMPROVEMENT  WARR/\NTY  CHARACTERISTICS 


THis  section  discusses  the  substance  of  the  reliability  improve- 
ment warranty;  it  is  based  on  a survey  of  18  Air  Force  warranty 
procurements: 

o The  lb  current  RIW  procurements.^ 

o The  current  Air  Force  administered  purchase  under  warranty 
for  the  Foreign  Military  Sales  (FMS)  program  (of  an  item  the 
Air  Force  Is  also  purchasing  under  warranty  for  its  own  use), 
o The  F-lll  Displacement  Gyroscope  Platform  warranty. 

Although  the  warranty  period  in  the  F-lll  gyro  contract  has  ended,  it 
is  included  because  of  the  attention  paid  to  it  by  the  procurement  com- 
munity. This  sample  is  listed  in  Table  1.  Other  than  for  one  early 
(F-lll  gyro)  and  one  small  (hydraulic  pump)  contract  Involving  mechani- 
cal equipment,  application  of  the  RIW  concept  has  concentrated  on 
electronics  equipment  (see  Table  2).  The  volume  of  the  buys  varies 
considerably  in  units  purchased  and  dollars  expended.  But  in  the 
aggregate,  the  RIW  program  Is  significant;  assuming  all  the  options 
are  exercised,  the  total  hardware  cost  of  the  current  programs  (exclud- 
ing warranty  price)  will  be  around  $500  million. 

STATEMENT  OF  CONTR/\t:TOR  WARRANIT 

At  the  core  of  any  warranty  is  the  basic  promise  made  by  tl\e  war- 
rantor. The  wording  of  this  promise  is  very  nearly  standardized  among 
Air  Force  RIW  progr.uns: 

Notwithstanding  Government  inspection  and  acceptance  of 
supplies  and  services  furnished  under  this  contract..., 
the  contractor  warrants  that  all  ( Items]  furnished  under 
this  contract  will  he  free  from  defects  in  design. 


Whe  nine  F-lb  components  will  generally  be  treated  as  a single 
program,  however. 


USAF  APPLICATIONS  OF  RELIABILITY  IMPROVQIENT  WARRANTIES 
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Table  2 

USAF  RIW  CONTRACTS:  TYPE  OF  EQUIPMENT, 
NUMBER  OF  UNITS,  UNIT  PRICE 


Contract 

Type  of 

Equipment 

1 No.  Units 

! Under 

Warranty 

j Unit  Price 
(not  including 
warranty) 

F-111  gyro 

Elect  ro/mec  han leal 

128 

$ 6,040 

Airspeed  indicator 

Electronics 

24 

1,986^ 

Hydraulic  pump 

Mechanical 

28 

1,800 

Klystron  electron  tube 

Electronics 

264 

890 

AHRS 

Electronics 

275^ 

12,790C 

INS 

Electronics 

1,073*^ 

54,891 

TACAN  (USAF) 

Electronics 

8,586^ 

9,358 

TACAN  (FMS) 

El ec  tronic  s 

750  1 

9,448 

OMEGA  Navigation  set 

Electronics 

l,464f 

10,430 

F-16  components 

Electronics 

1 

4428 

1 

h 

Warranty  was  not  separately  priced.  Estimated  portion  of  $2,211  unit 
price  attributable  to  warranty  coverage  is  $225. 

^Basic  buy  nine  units,  option  for  266  more. 

c 

Median  price  taking  account  of  option  variations, 

**Basic  buy  two  units,  without  warranty.  Warranty  coverage  begins  with 
exercise  of  first  option.  Options  total  1,071  units. 

Basic  buy  1,000  units,  option  for  7,586  more. 

Basic  buy  264  units,  option  for  1,200  more. 

^Warranty  covers  equipment  in  250  USAF  aircraft  and  192  European 
aircraft. 

^The  prices  of  individual  components  are  unavailable;  however,  the 
total  price  of  all  conponents  is  $406  million. 
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material  and  workmanship  and  shall  operate  in  its  in- 
tended environment  in  accordance  with  (accompanying 
exhibits  or  governing  specifications  for  a stated 
period) . 

Some  contracts  mention  only  defects  in  material  and  workmanship,  omit- 
ting design  defects.  This  inconsistency  does  not  appear  to  be  signif- 
icant because  the  scope  of  the  contractor's  obligation  is  set  by  the 
contractual  definition  of  product  failure. 

DEFINITION  OF  FAILURE 

The  contractor's  primary  obligation  under  an  RIW  is  to  repair  or 
replace,  at  its  own  option  (and  for  a fixed  price),  items  furnished 
under  the  contract  that  fail  to  meet  the  warranty.  The  definition  of 
failure  is  therefore  a crucial  determinant  of  the  contractor's  re- 
quired performance.  The  broadest  definition  of  "failure"  includes  all 
units  removed  from  operation  because  of  a determination  that  they  do 
not  perform  in  accordance  with  the  warranty.  Four  Air  Force  programs 
use  this  approach  (INS,  AHRS,  Hydraulic  Pump,  F-16  components). 
Inevitably,  some  units  removed  by  the  government  and  returned  to  the 
contractor  will  be  found  to  be  free  from  any  defect.  These  are  termed 
"unverified  failures." 

An  alternative  definition  of  failure  inclvides  only  those  units 
verified  by  the  contractor  to  have  failed  (or  to  be  in  nonconformance). 
If  this  definition  is  used,  there  is  usually  a provision  for  adjustment 
of  the  warranty  price  (or  for  payment  on  a repalr-by-repair  basis)  if 
the  number  of  "unverified"  returns  exceeds  a specified  percentage  of 
total  returns  in  a reporting  period  (e.g.,  30  percent  in  the  TACAN 
(VSAF)  program). 

The  warranty  does  not  obligate  the  contractor  to  fix  or  replace 
alt  failed  units.  Failures  due  to  certain  events  are  excluded  from 
coverage: 


1 . Crash 

2.  Explosion 

3.  Fire 

4.  Submersion 


( 

( 


not  induced  by  the 
warranted  item 


( 

( 


not  on  the 

contractor's  premises 


I 


-lb~ 

5.  Act  of  ('tod  (flood,  hurrlcmu',  etc.) 

6.  Improper  (nstJtl  Int  (on  or  mnlntennncc  by  the  novornmont 

7.  Tiimporlnn  or  willful  mlntrontmont  by  tiu*  novernmont  ^ 

8.  Combut  net  Ion 

The  novernment  nsnnllv  nenot lutes  a separate  contract  with  the  ctuitrac- 
tor  to  cover  the  repair  or  replacement  of  units  excluded  from  warranty 
coverage  because  of  one  of  the  above, 

WARRANTY  I’.KR  1.00 

The  warranty  perli>tl  Is  the  t Ime  during  which  the  warranty  Is  In 

effect.  This  can  he  measured  either  In  calendar  t Ime  or  equipment 

operating  hours.  Some  Air  I’orce  contracts  use  only  calendar  time; 
others  provide  that  the  warranty  will  continue  In  effect  for  a certain 
number  of  calender  years  oi’  a certain  number  of  ec)ulpm»'nt  hours 
Oin.'j*  (see  Table  1).  The  table  reveals  a number  of  all«-r- 

nat  Ive  const rtict  Ions: 

o Cdl.i’fidav  i me  can  be  measured; 

from  delivery  or  acceptance  of  the  first  unit, 

from  delivery  or  acceptance  of  each  unit  (Implying  staggered, 

»in  1 1 -by-un  1 1 perl(>ds  of  cov('rag»'). 

In  terms  of  the  warranted  Item  or  t lu'  aircraft  In  which  If  Is 
to  he  Installed, 

for  a spet'lfled  period  or  unt  11  a specified  date, 
o Kqutpment.  'uv4i'it  can  be  measured: 

In  lt>rms  of  the  w.'irranted  Item  or  the  aircraft  In  which  It  Is 
to  be  Installed; 

In  //ufuej  hours  or  in<j  hours; 

on  ihieh  unit  (Implying  st.iggered,  unlt-by-unll  periods  of 

cover.ige)  (e.g..  Klystron  eleclri>n  tube);  or  eumulat  i t'i'l  14  on 
it//  units  (e.g.,  K-lb  components);  or  by  a per  unit 
average  (e.g..  Hydraulic  Ihirnp) . 

'failure  I rom  tii’i’/'./tUtlit/  mistreatment  Is  excluded  In  at  least  two 
RIW  progrjims,  the  Air  force's  ARN-118(V)  TAC.AN  and  tin'  Army's  ARN-17  1(V1 
Radio  Recelyer. 


I 

h 
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Tab  h>  1 

WARRANTY  VKR\01)S  OK  AIR  KOROK.  RIW  lUWTRAl'TS 
(Basil'  (]uaiit  i t it's  ami  for  baalr  l ovi'raKi'  only) 


(^a  1 1>  lula  t T i mo  ifn  1 y 


Contract 


(^»vora>5o 


(IM7S)'*  TACAN 
(197S)  INS 
(l‘f7'i)  aHRS 

(l‘>7‘>)  Atrapooii  Indicator 
(147'>)  NavlKatlot\  sot 


S yrs.  from  dato  ot  dollvorv 

4 yrs.  from  dato  of  accoptanci 
yrs.  1 rom  dato  ol  accoptanci 

"i  yrs.  from  dato  <>f  accoptanci 

5 yrs.  from  dato  of  accoptanci 


if  t'fytU  unit 
■ ol  fivtU  null 
‘ of  //(•a 7 unit 
* of  I'lh'h  null 
' ol  /i»*af  nnlt 


Contract 


(1‘Jb')) 

K-m 

Klystron  oloctron 

t nbo 

(I'f/S) 

Hydraulic  pump 

(l*»77> 

K-lb  compononts 

^'contract  dato. 

slnglo  warrant  V ci 

(\ilondar  Tlmo  or  Kijnipmont  Honrs 
(whichovor  occurs  llrst) 

Covorago 


S yrs.  from  dato  ol  dollvorv  ol  tMoji  nnlt 

1,000  ttu;  hours  on  Ciiidi  nnlt 

4 yrs.  from  dato  of  dollvorv  of  Cijcfi  nnlt,  ot 

1.000  hoiu  s on  I'a.di  nnlt 

7 yrs.  from  dato  ol  dollvorv  ol  fi’iuU-  unit,  oi 
‘>,000  fltiifh'  I'onrs  on  ,i!!  units 

4 yrs.  from  dato  ol  dol  Ivory  ol  llrst  i>rodnc- 
t Ion  iif'tsnvt/V  , or 

100.000  ijoowmi/afi'i/  hours 


nogotiatod. 


w 

I 
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I'rt’siuiiabl V , wltliln  a alnuh'  i>r»>r»rt‘mi'iii  , »'i>v«Tani'  i<l  si>mt>  nulls  will  In- 
ilo  1 (ml  t Oil  bv  I’aliMular  t Imo  aiul  i-oviTano  ui  otbois  will  bo  lU-limltoil  bv 
oporat lun  or  llylun  hours. 

lu  ^‘ouoral,  1 ho  porliul  ol  warranty  oovora^io  shouKI  ho  lonp.  onoup.h 


to  onoour.'»no  t ho  oonl  motor ' s Invostmont  In  pri'ilnot  Improvomont  so  ho 

1 


oan  rooovor  that  Invostmont  (with  profit).  Tho  ohoioo  ot  ilotinition 
In  oali'Uilar  t lino  or  In  ts|uipmt>nt  hours  luvolvos  .a  trailooll  botwoon 
ailmlnlst  rat  Ivo  ot’tlolonoy  ami  aoourato  rot  loot  Ion  ol  tho  laot  th.it  t ho 
"oommoillty"  bolng  purohasoil  Is  utllltv  ami  not  t Imo.  llowovor,  t hi' 
sorvloos  must  plan  lor  transitioning  from  warr.int  v oovorago  to  anothor 
loglstlos  support  oonoopt  (porhaps  organlo  ma Int onanoo) , making  this 
ob.oloo  ospoolally  Important.  That  Is,  If  a surgo  t oroshoil  ons  tho 
oalomlar  li'ugth  of  warranty  oovorago,  avallablo  t Imo  tor  transition 
planning  Is  also  roiluood.  In  praotloo,  oalomlar  voar  oovot  .igo  in  t lio 
altornatlvo  torm  Is  Intomloii  to  mollvato  slioll-llto  Imi'iovomont  .is  muoh 
as  rol lability  Improvomont. 

Tho  ohoioo  botwoon  oporat  Ing  anil  flying  hours  Is  also  usual  Iv  oui* 
of  oonvonlonoo.  Tho  bottor  nioastiro,  oporat  lug  hours.  Is  moro  iliftioiilt 
to  monitor  aoouratoly,  ami  rollablo  faotors  for  oonvort  Ing  living  hours 
to  oqulpmont  total  oporat  ing  hours  aro  still  bolng  ilovolopoil.  Tho 
latost  sot  of  warranty  oontraots  (K-lb  oompononts)  usos  I light 

hours  of  all  tho  aircraft  oqulppoil  with  warrantoil  Items.  A ciimiil.it  Ivo 
operating  or  flight  hours  moasiiro  Is  some  t Imo  s ailvocatoii  over  a spool  tie 
unit  limitation  bocaiiso  "fleet  operating  conditions  are  such  th.'it  the 


uso  of  Individual  units  cannot  bo  easily  controlled.  Some  will  bo  used 

2 

Intensively  and  some,  for  one  reason  or  anothor,  not  at  all."" 


Although  warranty  coverage  length  should  depend  on  each  procurement's 
circumstances,  tho  current  wide  variation  Is  not  the  result  of  planned 
experiment.  This  will  make  It  difficult,  if  not  Impossible,  to  draw  anv 
prescriptive  guidance  for  lutiire  applications  from  the  trial  warranty 
out  ciinH's . 


1... 


1^ 


rills  retlects  the  prevailing  view. 
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TURN-AROlINn  TIMK 

Eacli  RIW  I'hmso  spotlfles  tho  t imo  of  repair  or  ri'placi'nu'iU . 

This  turn-around  t Imo  (TAT)  usually  roprosonts  iho  porlod  tho  mworn- 
mont  will  be  without  the  unit.  However,  vinder  some  RIW  eoniraets, 
the  contractor  Is  required  to  maintain  a bonded  storeroj»m  of  units 
from  which  he  must  ship  a replacement  unit  upon  notification  of  .1 
failure.  In  this  situation,  the  TAT  represents  the  time  for  repair/ 
replacement  and  return  to  storaRO.  Table  4 presents  the  TAT  provisions 
of  the  Air  Force  RIW  contracts. 

For  three  of  these  programs  (F-lll  Hyro,  Airspeed  Indlc.ator,  and 
Klystron  electron  tube),  there  are  no  penalties  for  failure  to  meet 
the  TAT  required.  Penalties  In  the  other  programs  take  one  of  these 
forma; 

1.  F.xtenslon  of  the  warranty  period, 

2.  A liquidated  d.amage  payment,  or 

3.  Consignment  spares  provided  within  a specified  period. 

The  Hydraulic  Pump  contract  provides  for  a five  day  warranty  ex- 
tension for  each  TAT  day  overrun.  The  Air  Force  TACAN  contract  obli- 
gates the  contractor  to  pay  damages  at  the  end  of  each  slx-nxuith 
reporting  period  In  the  amount  of: 

d - $2‘S  X (TAT  - TAT  ) x R, 
m r 

wliere  d - liquidated  damages  due  each  period, 

TAT^  • measured  average  TAT  during  period  (days), 

TAT^  - required  TAT  (IS  days), 

R " number  of  returns  during  tl\e  period 

The  most  common  penally.  Included  In  .ill  progr.ims  fe.iturlng  .1 
guarantee  except  the  TACAN,  requires  consignment  spares  (to  compensate 
for  the  "extra"  time  the  government  was  without  the  Item). 
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Table  4 

AIR  FORCE  RIW  CONTRACTS:  TARCETKD  TURN-AROUND  TIMES 
(Asterisks  Indicate  goal,  not  guarantee) 


Contract 

TAT  (days) 

Measurement  (from  receipt  to — ) 

t *F-lll  gyro 

45  (avg.) 

Shipment;  avg.  over  life  of  warranty 

^Airspeed  Indicators 

30 

Shipment 

INS^ 

4-7^  (avg.) 

Storage;  avg.  over  3-month  periods 

AHRS** 

22C 

Storage 

*Kly8tron  electron  tube 

120 

(Unknown) 

*Hydraullc  pump 

10 

(Unknown) 

TACAN  (USAF) 

15  (avg.) 

Return;  avg.  over  6-month  periods 

TACAN  (FMS) 

20 

Shipment 

OMECA  navigation  set*' 

15  (avg.) 

Shipment;  avg.  over  6-month  periods 

F-16  components 

22  (avg.) 

Storage;  avg.  over  6-month  periods 

^Contract  Includes  a shipment  from  bonded  storeroom  requirement. 
Required  shipment  times  range  from  one  to  four  days. 

^Four  days  If  repaired  at  a Military  Airlift  Command  base; 
seven  days  if  repaired  at  contractor's  facility. 

‘^Termed  "Shop  Flow  Time  (SFT)." 


t 

I 

N 
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The  following  formula  determines  the  number  of  spares  to  be  con- 
signed:^ 

n - K(TAT  - TAT  ) - L , 
m r p’ 

where  n “ number  of  consignment  spares  required  (rounded  to  next 
highest  integer) , 

T ■ measured  average  TAT  (In  days), 
m 

T^  ■ required  TAT, 

L ■ consignment  spares  currently  in  government's  possession 

(including  amount  of  spares  represented  by  any  liquidated 
damage  payments  made  according  to  provisions  listed  in 
Table  6,  page  24), 

_ avg.  no.  operating  units  x avg.  operating  hrs.  per  day 

guaranteed  WTBF 


The  required  times  for  provision  of  these  spares  and  the  penalties  for 
lateness  are  listed  in  Table  5. 

Failure  to  meet  required  TATs  is  normally  excluded  if  the  failure 
is  beyond  the  contractor's  control  and  without  his  fault  or  negligence 
For  example,  acceptable  excuses  in  the  TACAN  program  Include: 


o Acts  of  God 

o Acts  of  a public  enemy 

o Acts  of  the  government 

o Fires 

o Floods 

o Epidemics 

o Strikes 

o Freight  embargoes 

o Unusually  severe  weather. 


AHRS, 


^Variations  Include:  F-16  components:  K assumed  to  be  equal  to  1. 
C-141 : following  expression  is  added  to  basic  formula: 


MTBF, 


0.06(1) 


hrTBF, 


M 


where  0.06  ■ max.  spares  quantity  (17)  t total  Installed  items  (275), 
I <■  current  number  of  Installed  units, 

MTBF  ■ guaranteed  MTBF, 

MTBF  « latest  measured  MTBF  (cannot  be  ^ MTBF^) . 


p . ^ 
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Table*  5 

AIR  FORCE  RIW  CONTRACTS:  REQUIREO  TIME  FOR  TROVISION  OF  TAT-REl.ATFO 
CONSIGNMENT  STARES  AND  ASSOCIATED  TENAl.TlES 


Cont  rac  t 

If  Still  in 
Trod net  ion 

If  Out  of 
Trt'duct  ion 

1 

Tena 1 l y 

OMEGA  Navigation  set 

‘lO  days 

270  days 

$S0  each  extra  day,  up 
to  50%  of  unit  price 

INS 

30  days 

90  days 

3-1/3%  of  unit  price 
eai h extra  day,  up 
to  50%  of  unit  price 

AHRS 

30  days 

90  days 

None 

F- 1 b comtuinen t s 

A*)  days 

120  days 

50%  ol  unit  price  for 
any  late  delivery 

Like  the  length  of  warranty  eoverage,  the  penalty,  if  any,  for 
failure  to  meet  TAT  requlremi'nts  is  neither  iinifom)  nor  variable 
according  to  a conscious  plan.  Even  within  types — e.g.,  provision  of 
consignment  spares — penalty  provisions  vary.  There  are  as  many 
different  constructions  being  "tested"  as  there  are  test  cases. 

ADDITIONAL  TRICE  ADJUSTMENT  PROVISIONS 
Operating  Hours 

When  tlu*  warranty  period  is  defined  strictly  in  calendar  time, 
how  much  the  government  uses  its  product  during  the  period  greatly 
affects  the  contractor's  perfornvjnce  cost.  For  initial  pricing  pur- 
poses, progr.ams  featuring  warranty  period  definitions  of  this  type 
include  a provision  for  adjusting  the  warranty  price  to  ac'tiMl  usage. 

Of  the  five  programs  with  calendar  year  warranty  periods,  four  In- 
clude operating  hours  price  adjxistment  clauses.  The  warranty  in  the 
fifth  program  (Airspeed  indicators)  was  not  separately  priced.  All 
four  allow  both  upward  and  downward  adjustments,  although  all  limit  the 
allowable  dinmward  revision.  The  F-16  components  warranty,  which  has 
a "calendar  time  or  equipment  hours"  warranty  period,  provides  for 
limited  downward  .idjustment  if  the  four-year  warranty  period  expires  and 
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aci'iimn  1 .It  od  flying  lumrs  at  tlu'  oxpirat  Ion  dato  fall  holow  a spooifiod 
U’vol.  Tablo  (>  siimm.irizos  provisions  for  prlro  ad  jnstmont  s basod  on 
oporatlnn  bonrs. 

lavst  and  Panuigj^i’d  I'nlts 

Sv'mo  warrant  los  spoo  1 f loa  1 1 y adjust  for  units  lost,  dostroyod,  or 
d.imap.od  boyond  ropalr  In  ways  that  oxolude  thorn  from  oovorap.o.  Tho 
ratlonalo  for  suoh  adjustments  Is  that  the  government  should  not  have 
to  p.iy  for  warranty  protection  for  unusable  units  and  th.it  the  con- 
tractor should  not  receive  such  payments  because  lie  will  not  have  to 
expend  any  resources  to  support  those  units.  The  programs  with  operat- 
ing hour  prii'i'  ailjustment  pri'vislons  generally  address  this  I'lu’iiomcnon . 
However,  the  TACAN  (HSAK)  program  Includes  a reimbursement  fornuil.i  for 
the  price  associated  with  the  "unused"  portion  of  the  warranty  arising 
out  of  lost  units  or  excluded  failures.  Loss  of  the  entire  TACAN  set, 
for  ex.imple,  reduces  the  warranty  price  hy  $1  for  each  remaining  day 
of  the  warranty  period.  The  K-lll  Gyro  and  Airspeed  Indicators  pro- 
grams provide  for  adjustment  negotiations  .it  the  time  of  final  contract 
close-out.  Finally,  the  Hydraulic  Pump  and  F-16  components  programs 
credit  the  government  with  "unused"  w.irranty  coverage  when  It  repairs 
or  replaces  units  that  are  either  lost  or  suffer  excluded  failures. 

REPAIR  OF  KXCLUnKn  FAIl.URFS  AND  RKPl.ACF.MKNT  OK  LOST  UNITS 

All  Air  Force  RIW  contracts  allow  the  government  to  direct  the 
contractor  to  repair  or  replace  units  that  suffer  excluded  failure  or 
are  lost.  Most  specify  that  the  transactions  are  to  include  price 
negotiations  and  about  half  permit  transfer  of  warranty  coverage  to 
the  new  or  repaired  unit  (see  Table  7).  The  TAT  provisions  for  war- 
ranted items  usually  do  not  apply  to  this  type  of  repair  and  repl.ice- 
ment . 

MTBF  GUARANTEES 

The  Air  Force  Is  buying  six  items  that.  In  addition  to  being  war- 
ranted to  work,  are  guaranteed  to  achieve  a specified  level  of  relia- 
bility (expressed  In  terms  of  mean  time  between  failures): 


AIR  FORCE  RIW  CONTRACTS:  PROVISIONS  FOR  PRICE  ADJUSTMENTS  BASED  ON  OPERATING  HOURS 
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1.  OMEGA  Navigation  Set, 

2.  Attitude  and  Heading  Reference  System  (AHRS)  for  the  C-141, 

3.  Inertial  Navigation  System  (INS)  for  the  C-141  and  the  KC-135, 

4.  ARN-U8(V)  TACAN  Set  (the  Air  Force  buy), 

3.  F-16  Radar  Transmitter, 

6.  F-16  Head-up  Display  (HDD)  electronics. 

The  Air  Force's  commitment  to  the  guarantee  feature  Is  apparently 
strong  because  all  the  major  warranty  programs  Include  it.  If  the 
guaranteed  levels  are  not  met,  the  guarantee  obligates  the  contractor  to 
Identify  the  causes  of  the  deficiency,  propose  and  carry  out  modifica- 
tions (on  all  units)  to  correct  it,  and  provide  consignment  (or  "pipe- 
line") spares  in  the  interim.  There  are  several  variable  characteris- 
tics of  the  ITTEF  guarantee,  including  (1)  equipment  level  of  guarantee, 
(2)  single  value  versus  incremental  goals,  (3)  frequency  of  calcula- 
tion, (4)  method  of  calculation,  and  (3)  early  termination  of 
obligation  provisions. 


Table  7 

AIR  FORCE  RIW  CONTRACTS:  REPAIR  OF  EXCLUDED  FAILURES  AND 
REPLACEMENT  OF  LOST  UNITS 


Cont  ract 

Price 

Warranty  Applicability 

Set  Negotiated 

No 

Coverage  Coverage  Unclear 

F-111  gyro 

X 

X 

Airspeed  indicator 

X 

X 

INS 

X 

X 

AHRS 

X 

X 

Klystron  electron  tube 

X 

X 

Hydraulic  pump 

X® 

X 

ARN-118(V)  TACAN  (USAF) 

X 

X 

OMEGA  navigation  set 

X 

X 

F-16  components 

X® 

X 

0 

Price  includes  a credit  for  remaining  warranty  coverage  on  the 
damaged  or  lost  unit. 
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F.qutpment  Level  of  Guarantee 

Should  the  design  of  a guarantee  concern  the  reliability  of  the 
whole  product  (or  first-line  unit),  the  reliability  of  subunits  of  the 
product  (lowest  replaceable  units  or  shop-replaceable  units — LRl's  and 
SRUs) , or  the  reliability  of  both  the  whole  product  and  individual  sub- 
units? The  F-16  components  are  the  only  items  guaranteed  exclusively 
at  the  FLU  level.  The  TACAN  contract  specifies  TACAN  MTEF  levels, 
which  the  contractor  then  must  apportion  among  four  subunits.  Measure- 
ments are  made  subunit  by  subunit.  Similarly,  the  INS  and  OMEGA 
Navigation  Unit  contracts  specify  apportioned  subunit  MTBF  values. 

The  AHRS  guarantee  is  the  only  hybrid  example:  It  requires  that  "in 
addition  to  achieving  the  guaranteed  system  MTBF,  the  contractor  must 
achieve  the  MTBF  guarantee  for  each  LRU  and  SRU." 

Single  Value  Versus  Incremental  Goals 

A second  design  issue  is  whether  to  require  the  contractor  to 
achieve  a single,  stated  MTBF  goal  or  a succession  of  goals  over  the 
period  of  the  warranty.  Examples  of  the  first  approach  Include  the 
INS  and  AHRS  guarantees.  The  other  guarantee  programs  feature  a 
succession  of  Incremental  goals: 

1.  The  TACAN  and  F-16  components  contracts  require  a higher 
reliability  level  each  year; 

2.  The  OMEGA  Navigation  Set  contract  requires  a higher  reliabil- 
ity level  every  six  months  for  the  first  three  years  (and 
additional  Improvement  over  the  last  two  years). 

The  growth  rates  in  the  two  sets  of  contracts  are  strikingly  dissimilar. 
For  example,  the  Improvement  reflected  by  a comparison  of  the  final 
goal  with  the  Initial  goal  is  60  percent  for  the  TACAN,  54  percent  for 
the  F-16  HUD  electronics,  34  percent  for  the  F-16  radar  transmitter, 
and  444  percent  for  the  OMEGA  Navigation  Set. 

^The  OMEGA  contract  has  MTBF  guarantees  at  the  LRU  level  only. 

The  figure  used  for  the  system  MTBF  is  the  reciprocal  of  the  sum  of  the 
reciprocals  of  the  LRU  MTBFs.  Also,  the  TACAN  and  HUD  electronics  im- 
provement is  to  be  achieved  over  throe  years,  five  years  for  the  OMEGA. 
However,  the  OMEGA  contractor  has  guaranteed  a 423  percent  MTBF  improve- 
ment by  the  end  of  the  third  year. 
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Frequency  and  Method  of  Calculation 

The  preceding  discussion  implies  comparison  of  measured  MTBFs  and 
guaranteed  MTBFs  at  varying  frequencies,  but  frequency  of  increases  in 
guarantee  level  does  not  always  equal  frequency  of  MTBF  measurement. 
The  TACAN,  OMEGA  Navigation  Set,  and  the  F-16  components  contracts  all 
provide  for  IfTBF  measurements  every  six  months.  The  INS  and  AHRS  con- 
tracts have  a three-month  provision,  the  first  calculation  to  occur 
six  months  after  government  acceptance  of  the  first  unit.  There  is  no 
analytic  justification  for  these  variances. 

The  following  calculation  captures  most  elements  of  MTBF  formulas 
in  use:  total  operating  hours  (TOH)  during  the  measuring  period  divi- 
ded by  the  total  number  of  failures^  during  the  measuring  period.  The 
numerator  of  the  equation  is  usually  assumed  to  be  the  same  for  all 

Installed  LRUs  and  SRUs  and  is  calculated  from  elapsed-time-indicators 

2 

(ETls)  built  Into  the  unit.  When  subunit  MTBFs  are  guaranteed,  the 
denominator  for  the  expression  corresponding  to  each  subunit  is  that 
subunit’s  total  failures  during  the  specified  period. 

Current  contracts  obviate  the  need  to  check  each  ETI  at  the  end 
of  each  measurement  by  including  a formula  for  estimating  TOH  from 
data  on  returned  units  only.  Average  operating  time  per  day  times 
number  of  days  in  the  measurement  period  times  average  number  of  in- 
stallations over  the  measurement  period  equals  TOH. 

In  the  F-16  program,  FLU  MTBF  will  be  measured  on  Air  Force  air- 
craft only,  although  required  corrections  will  be  made  to  both  Air 
Force  and  European  Participating  Governments  (EPG)  FLUs. 


Generally,  even  unverified  failures  are  included  for  purposes  of 
arriving  at  MTBF,  but  not  excluded  failures. 

2 

In  the  TACAN  set,  the  ETI  is  on  the  Receiver /Transmitter  unit; 
in  the  INS,  it  is  on  the  Internal  Navigation  Unit;  in  the  OMEGA 
Navigation  Set,  it  is  on  the  Receiver/Processor  unit.  In  the  AHRS, 
however,  ETIs  are  Installed  on  each  LRU  (SRU  times  are  then  calculated 
from  the  applicable  LRU  reading).  By  implication,  the  F-16  ETIs  are 
on  each  FLU  on  USAF  aircraft  only. 
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Early  Termination  of  Obligations 

Under  one  contract,  the  contractor  can  completely  fulfill  the 
ohllfjatlon  of  the  >;uarantee  bt?fore  the  warranty  period  ends.  The  TACAN 
contract  provides  that  the  guarantee  obligation  (but  not  the  warranty 
obligation  to  repair  or  replace  failed  units)  terminates  when  twv>  con- 
secutive measurements  yield  MTBF  values  that  equal  or  exceed  the  final 
MTBK  goal,  altlx>ugh  in  no  event  will  the  obligation  terminate  earlier 
than  1*1  months  after  the  contract  award.  The  contract  award  date  was 
lb  July  I'lys  and  the  warranty  period  began  1 May  l‘}7b.  Thus  the 
guarantee  obligation  may  terminate  only  months  after  delivery  of 
the  first  production  unit.  This  is  Indeed  likely  because  data  for  the 
first  11  months  reveal  an  MTBF  of  771  hours  (rather  than  the  initial 
guarantee  level  of  500  hours  and  the  final  guarantee  level  of  800 
hours) . 

FINAL  OBSERVATIONS 

A reliability  Improvement  warranty  consists  of  many  Important 
contractual  provisions,  each  of  which  can  be  defined  and  constructed 
in  various  ways.  An  experiment  such  as  the  trial  use  of  RIWs  can 
teach  the  relative  merits  and  drawbacks  of  alternative  constructions. 
This  opportunity  Is  lost  If  Important  terms  are  varied  Indiscrimi- 
nately. The  present  experiment  poses  such  a danger:  terms  such  as 
warranty  period,  penalties,  and  MTBF  calculation  frequency  vary  widely 
with  little  apparent  analytic  Justification.  As  a result,  it  will  be 
difficult  to  Identify  preferred  alternatives  because  of  the  excessive 
number  of  variables,  considering  the  sample  size.  The  absence  of 
closely  monitored  control  groups  compounds  the  problem. 
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III.  COMMERCIAL  AND  DOD  WARRANTY  EXPERIENCE 


INTRODUCTION 

A reliability  improvement  warranty  is  one  of  a long  line  of  tech- 
niques and  methods  designed  to  protect  the  services  from  systems  with 
poor  reliability.  Mentioning  some  of  the  others  and  noting  their 
weaknesses  and  differences  is  helpful  in  understanding  tije  special 
nature  of  the  RIW. 

One  way  to  influence  an  Item's  reliability  is  to  fashion  the 
design  specifications  so  the  resulting  product  is  "better  built" 

(tlirough  stricter  materials  specifications,  for  example)  or  less  likely 
to  "fall  completely"  (tlirough  requirements  for  more  redundancy,  for 
example).  This  approach  generally  Increases  the  cost  of  producing  an 
item  (acquisition  cost)  and  injects  the  service  deeply  into  the  design 
process,  often  overburdening  designers  with  constraining  limitations. 
"Enforcement"  is  typically  limited  to  the  requirement  that  the  item 
pass  certain  reliability  related  acceptance  tests,  which  usually  mark 
the  end  of  contractor  responsibility.  The  critical  difference  in  the 
warranty  concept  is  its  built-in  provision  for  continued  contractor 
responsibility  for  reliability  after  delivery  and  acceptance  of  his 
product . 

A contractor  maintenance  arrangement  involves  the  contractor  in 
the  support  of  his  product  but.  Inasmuch  as  it  is  usually  based  on  a 
cost-plus  contract,  it  really  does  not  shift  responsibility  (in  terms 
of  who  bears  the  costs  of  disappointingly  low  reliability)  away  from 
the  service.  It  is  too  simplistic,  however,  to  limit  the  difference 
between  a warranty,  which  is  a fixed-price  contract,  and  a conventional 
contractor  maintenance  contract  to  the  flxed-price/cost-plus  distinc- 
tion. Another  important  characteristic  of  the  RIW  concept  Is  that  it 
Is  Intended  to  be  negotiated  before  design  and  development  are  completed, 

^Thls  has  been  tried  only  in  the  F-16  warranty  programs,  however. 
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so  till'  rout  r;u'ti)r  t-nn  .'imol  lurato  tho  ilfsinn  and  onulnj'i'tlnK,  In  rca- 
ponso  to  tho  warranty's  Inoonltvo  I'oatnro.^ 

Tho  KIW  ootioopt  is  <llst  liiotlvj'  ;i;t  a "ro ) I ah  I 1 1 1 y I o»'lin  I ijin'"  In 
that  It  involvos  t lio  oontrai'tor  dnriny,  t lio  support  phaso  ol  Ills 
proiliu't's  llfo,  si'i'ks  to  shift  at  loast  somo  of  t lu*  r«*llahllltv  risk 
to  him,  aiul  Is  Inlrodiiooil  In  tho  transaction  onrly  onouy.h  to  allow 
rosponslvo  dosljtn  and  oiiKlnoorlny,  Improvomont  s . It  Is  actual  Iv  an  ox- 
fri'moly  amhitions  ooiu'opt  witli  two  distini’t  h<*ru‘flolaJ  ftoals.  On  tho 
ono  hand,  it  promises  to  shift  risk  so  that  tho  sorvloi'  no  longer 
entirely  hoars  tho  cost  of  romponsat  Inp,  for  reliability  shortfalls  — 
actually  an  Insuranoo  dovloo.  On  tho  other  hand  It  promises  that  tho 
actual  reliability  of  an  Item  will  /'mi’t’.n'i'  comparoii  with  a nonwarrant  v 
counterpart.  This  poses  a difficulty  for  evaluation  of  the  <'oneept 
heeause  an  RIW  can  succeed  In  Its  first  promise  vet  fall  In  Its  second. 
That  Is,  actual  reliability  Improvement  Is  Irrelevant  to  successftil 
shift Inp  of  rlsk,^  which  may  In  turn  he  a worthwhile  oh|ectlve  whether 
or  not  rel lability  Improvement  Is  sought  or  even  achlevahli*.  These 
ohjectlves  must  he  thought  of  separately. 

There  Is  little  doubt  that  the  RTW's  foremost  goal  Is  contractor 
nu'tlvatlon  1 Improve  reliability.  However,  analysis  of  completed 
military  warranty  programs  (see  below,  pp.  •'t  l-'i;’')  does  not  clearly 
csl  ah  I I sli  I liat  RlWs  Itave  been  sui-t'ess  f u 1 . This  sec||ot\  examines  the 
warranty  experience  In  commercial  environments,  the  (original  model  IKr 

*Thls  has  not  worked  so  neatly  In  practice.  See  i'.  havld  Welmer 
.itul  P.'iul  R.  Talalt,  Tlir  h'rl  iabi  I i t u i/'iatfijn  i I'ca  >iiul  Wiiriwit  iit- 

(iti  AVi'i'l I'rri  /V'a/./n  ti>ul  I'li'Oi'U'i'mriit  i’l’i ',;tMria , Institute  loi 
Defensi'  Analysis,  S-A8'l,  (>cl<ih<'r  l‘)7h.  This  study  examluetl  11  elec- 
tronic subsystems,  representing  the  three  m.'»)or  services.  It  concludeil 
that  "warranty  I'pt Ions  are  presently  not  providing  strong  design  and 
ilevi'lopment  Imetttlves  for  achieving  Improved  operathmal  reliability, 
and  that  while  warranty  options  have  caplvired  contractor  man.'igi'nu'nt 
attention,  mori'  elfi^rt  I'ould  he  expended  during  ih'velopmeut  to  achlc'v»' 
the  warranty  oblecllves." 

^Th«'  test  of  t lu'  "r  I sk-sh  I f t I ng"  aspet't  ol  the  RIW  I'onci'pt  Is 
whether  the  KIW  Is  In  practice  r Igorotisl  y et»f<irc<'d  or  sub|ei'l  to  less- 
or-r 1 sk-vl.impen  lug  mi'd  I f I cat  lints  of  terms  (as  traditional  Incentive 
contracts  have  been).  thi  this  latter  point,  see  Alcxandci,  In  .lohnson 
et  al.,  R-20«t‘)-NSK. 
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t lu'  miltt.iiv  w.urantv,  lot  .t  slmll;u  w.n  i iiiu  v-i  o I (ill' ( 1 ( ( v (mi'i  I'vcmcnC 
link.  I'lu'  oxiimt  Hilt  Ion  Is  I'l  I'li'iloil  I'V  ii  il  ( si'iiss  (I'li  ol  t lu'  KlW's  noiioi.il 
Vi'l.it  toiishti'  to  I ><mmoi  i' lii  1 .iiut  t't  lioi  Wiitt  iiiit  (os  tisoil  l>v  I ho  mlllt.iiv 
•iiul  Is  li'lU'Wt'il  hv  il  look  iit  .lotii.il  Oi'l'  Wiii  liiiil  v I'Xi'oi  I «'iii'o . 


ft'NTrXl'UAl.  fONS  1 lil'  KM'  ItlNS 
tU'iioiiiJ^  t'oiiHiio  i_o  1 il  1 Wiiri'iiiit  ( OS 

WiiriiUitv  liiw  Is  il  siihsol  ol  t ho  liir>’>oi  ill  Oii  I't  Siitos  liiw.  i\'iiso 
l|IIOIltlV,  Will  I .lilt  t »'S  illl'  It'lliul  ill  I'omilU'l  O til  I t lilllSilO  t tons  tllilt  l .Hl>’,«' 

I loin  pt  v'jioi  t V SiiU's  to  ooiisimu'i  ^;o''ils  Siilos.  ,\s  ii  losiilt  ol  it  oomiiioii 
liiw  tiiiiltt  it'll  III  il  I I'tloi  .1 1 i St  striu'tiiio,  siili's  liiw  tiov’o  1 opmoiit  w.is  in'l 
iiiiilonn.  Ill  1 ‘Hit'  t ho  Niitioiiiil  I't'iil  I'li'iit'o  I'l  (\'imni  ss  ii'iiot  s t'li  I'liili'im 
Sliito  l.iiws  I'lt'i'osovl  t ho  Ihiilt'im  .Siilos  At  l,  whU'h  Wiis  iiih'plotl  hv  '/ 

stiiti'S  III  I'lMl.  Ill  tllilt  Aft  iiiiiv  hi’  I t'liiitl  t ho  iiit'tloi  11  I I'liiiil.it  K'li  ti'i 

Wiivviiiitv  liiw. 

I'lio  lliiiioiiii  Siilos  At'l  h.is  hooii  it'pl.iiotl  hv  t ho  Ihillt'lin  tX'inmoi  i' t .i  1 
t’ovio  tlliH'),  whit'll  Wiis  pi'oiiiii  I ^iii  t'll  ill  I il  1 1 I'lSl  hv  t ho  N.ilit'iiiil  I't'iiloi 
oiit'o  t'l  I’t'imiilss  it'iiors  i>ii  Ihillt'im  Stiiit'  h.iws  .iiitl  t ho  Ainoi  to.iii  liiw 
liistitiito.  Ttu'  Ht'l'  Inli'Hiiitos  t ho  Viii  it'os  iiiiiti'im  l.iws  iNop.t'l  l.ihit' 

I list  riimoiit  s,  Wiiroht'ii.st'  Kot'olpis,  Siilos,  Utils  t'l  l.iilliip,  Slt'ok  I'l.iiis 
lof,  lloiul  1 1 itiiiii  I Siilos,  iiiivl  'riiist  Kot'ot\'ls>  liilt'  il  stiip.lo  hioiiti  siih|i’tl 

ol  t't'inmoro  i;il  I Viiiisiit'l  Ions  iiiul  hiis  hoon  iitlt'plotl  hv  "' | ) ni  t stl  i t' i It'iis  , 

inoliitllnn  s'l  sliitt's.  Slnoi'  t ho  ,\’v’.''i.t'i  t\"iiif  ;'.■>!  .’.liit  ' in  l'h<l,  I ln' 
IH't'  hiis  hoon  iisotl  to  rost'lvo  novoiiiiiiont  ot'iit  t iit  t tllsi'ntos. 

I'lit'  I'l't'  v Of t'liii  1 y.i's  twt'  miilt'f  tvpos  t'l  wiiiTiinl  los,  ox|>to,s.s  iiiiti 
liiipllotl.  As  l lio  lofin  .sn^uosts,  iiii  I'.Vf'tS'iiii  Is  iinv  ii  M 1 niiiit  it'ii 

ol  I iif  I t'l  \'tt'nitst'  iiiiitlo  hv  1 ho  sol  lof  1 1'  t ho  hiivoi  iiiiil  foliilin>t  It'  I ho 
Ht't'ils.  It  hoft'inos  il  ('.III  t'l  I ho  h.iiHiiln.  An  ■ Is  .'no 

I ho  liiw  tloflvos  hv  ini)' 1 1 1'. It  it'll  t'l  Inli'ioiit'o  lit'in  I ho  iiiilnio  ol  t ho 
t fiinsiit't  it'll  t'l  I ho  s i t Hilt  it'll  I'l  <■  1 1 t-ninst  iinoos  ol  t ho  piiitios.  I'tio  t wt' 
nit'sl  ft'iiinit'n  liiii'liotl  Wiii  liint  los  iiio  tin'  Z;  t.i’  ”ri  ? 


'aSIICA  Ni'.  S l.’D. 
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abilitij,^  which  warrants  that  the  article  sold  shall  he  of  the  general 

kind  described  and  reasonably  fitted  for  the  ijenenil  I'utfH’tw  fi>r  which 

■} 

it  is  sold,  and  the  ft  t HfiU--  f'f  u I'af'p. wliUli 

warr.ints  that  the  noods  sold  are  suitable  lor  the  hover's  i t ui'- 

Pi'St'.  In  ^teneral,  warrant  ii-s,  whether  I'spressed  I'r  Implied,  ar»-  lon- 

stroed  as  consistent  with  each  otlu'C  and  as  comolatlve  unless  such 

(Mutst  rue  t ion  is  unreasonable,  in  which  i-ase  the  Intention  i>f  t lu-  partle 

3 

shall  iletermine  which  warranty  Is  dominant. 

l)oD  Warranties 

The  Armed  Services  Procurement  Regulation  (ASPR)  permits  the  Dol) 

4 

to  use  warranties.  The  Chief  of  the  Purchasing  Office  must  generally 
approve  warranty  use,  and  such  approval  must  take  Into  consideration 
the  nature  of  the  Item,  the  cost  of  the  warranty,  administration 
(enforcement)  of  the  warranty,  and  trade  practice.  Although  the  con- 
cept seems  simple  and  straightforward.  Its  application  by  the  govern- 
ment is  complex  and  confusing.  For  example,  enforcing  a supply 
contract  warranty  might  Involve  looking  at  the  ASPR  provisions  on 
Inspection  Clauses,  Warranty  of  Suppliers  Clauses,  Correction  of 
Deficiency  Clauses,  Limitation  of  Liability  Clauses,  the  UCC,  and 
applicable  case  law.  In  fact.  The  Bepovt  of  the  Conrrri esion  on 
Goeemment  Proaurement  stated  that  the  warranty 

problem  Is  further  complicated  because  post-acceptance 
Government  remedies  are  provided  for  In  so  many  differ- 
ent standard  clauses  and  are  stated  to  be  "non-excluslve" ; 
that  Is  they  are  merely  remedies  In  addition  to  whatever 
other  remedies  may  exist  under  law. 

^UCC  S 2-314. 

^UCC  S 2-315. 

^UCC  § 2-317. 

^ASPR  1-324. 

^ffef\Trt  of  the  CcTrm  eeion  or.  Gorermt'rt  Proouremt-nt ^ Washington, 
D.C. , 1972,  Vol.  4,  p.  95. 
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Warrnnties  undt’r  the  ASPR  are  also  dlstinRuisliocl  from  warranties 
in  the  commercial  world  In  that,  except  for  construction  warranties, 
warranties  are  usually  express — no  implied  warranties  are  usually 
attached  to  government  procured  items.  ASPR  1-324. 4(n)  states,  "When 
express  warranties  are  Included  in  contracts  (except  contracts  for 
commercial  items)  all  implied  warranties  of  merchantability  and  fitness 
for  a particular  purpose  shall  be  negated...."  In  addition  the  Stan- 
dard Inspect  ion  Clause  says,  "Except  as  otherwise  provided  in  this 
contract  acceptance  shall  be  conclusive  except  as  regard  to  latent 
defects,  fraud  or  such  gross  mistakes  as  amount  to  fraud. In  other 
words,  the  Inspection  clause  can  invalidate  any  implied  warranty  even 
though  it  is  not  expressly  negated. 

Cuivernment  express  warranties  can  be  further  categorized  into 
"specification"  or  "performance"  warranties.  In  a specification  war- 
ranty, "The  contractor  warrants  that  at  titne  of  doliih’rtt  all  supplies 
furnished  under  this  contract  will  be  free  from  defects  in  material  or 
workmanship  and  will  conform  with  the  specifications  and  all  other 
requirements  of  the  contract."  In  a performance  warranty,  the  con- 
tractor warrants  that  his  item  will  perform  its  designated  function, 
be  adequate  for  its  intended  purpose,  and  maintain  the  required  level 
of  performance  during  the  warranty  period.  (Actual  figures  for  the 
types  of  warranties  used  by  the  DoD  are  not  available,  but  a recent 
study  of  warranty  usage  in  the  Army  found  that  71  percent  of  the 
warranted  contracts  in  tlielr  survey  were  speci  f icat  Ion  w.'irr.'int  les  and 
29  percent  were  performance  warranties.)^ 

Reliability  Improvement  Warranties 

The  current  definition  of  a Reliability  Improvement  Warranty  (as 
stated  in  a 1977  proposed  USAF  ASPR  Supplement)  is: 

'aSPR  7-103.5. 

^ASPR  7-105.7. 

3 

E.  Beeckler  and  11.  Candy,  "Analysis  of  AMl''s  Ose  of  Warranties," 
Army  Procurement  Research  Office,  l!.S.  Army  Logistics  Management 
Center,  June  1975. 
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[A]  provision  in  a fixed-price  or  flxed-prlce-incentive 
acquisition  contract  in  which  for  a fixed  price...:  (1) 
the  contractor  Is  provided  with  the  monetary  Incentive  to 
improve  tl>e  production  design  and  engineering  of  the 
equipment  throughout  the  period  of  the  warranty  to  en- 
hance the  f leld/operatlonal  reliability  and  maintain- 
ability of  the  system/equipment ; and  (ii)  the  contractor 
agrees  to  repair  or  replace  (within  a specified  turn- 
around time)  all  equipment  that  falls  (subject  to 
specified  exclusions  if  applicable)  during  the  period  of 
the  warranty. 


This  definition  represents  a culmination  of  13  years  of  discussion 
and  evaluation  of  the  RIW  concept  within  DoD.  Yet  the  proposed  ASPR 
change  is  only  for  the  purpose  of  allowing  trial  applications  of  the 
concept.  Nevertheless,  in  recent  years  the  RIW  concept  has  picked  up 
momentum  in  the  DoD's  procurement  activities.  The  RIW  Is  often  dis- 
cussed as  a "solution"  to  a number  of  problems  that  have  classically 
plagued  DoD  procurement,  such  as  cost  control,  reliability,  maintain- 
ability, operational  readiness,  and  contractor  motivation.  Although 
these  problems  are  Interrelated  and  their  solutions  not  necessarily 
Inconsistent,  a procurement  device  that  simultaneously  addresses  all 
these  ills  may  create  confusion  when  defense  policymakers  establish 
priorities  among  its  multi-faceted  capabilities. 

The  reliability  improvement  warranty  is  a type  of  performance 
warranty.  Although  the  RIW  concept  may  include  contractual  provisions 
not  explicitly  used  before  in  other  performance  warranties,  the  moti- 
vations, incentives,  benefits,  and  objectives  in  an  RIW  are  present  to 
some  degree  in  most  performance  warranties.  What  is  different  is  the 
application  of  this  type  of  performance  warranty  to  military  avionics 
procurement  and  an  increasing  belief  that  the  RIW  uniquely  motivates 
contractors  to  behave  a certain  way.  What  may  also  be  new  is  the 
possibility  of  Increased  buyer  control,  resulting  from  a more  explicit 
contractual  arrangement.  Me.ins  other  than  tlie  RTW  can,  of  course, 
also  Increase  buyer  control. 


Consiimt'r  rrodiirts 


Tlu'ro  Is  ont'  important  difforonco  betwoi-n  tho  commorcial  and 
military  Iniyor.  Tho  retail  consumer’s  hargainlnK  power,  based  partly 
on  the  extent  and  quality  of  bis  Information,  is  much  less  than  that 
of  the  military  buyer.  Quite  naturally,  the  retail  buyer  (unlike  the 
military  buyer)  needs  Rreat>.  *■  assurances,  which  leads  to  a greater 
use  of  warranties,  because  t lie  retail  buyer  probably  knows  little 
about  the  product  and  has  little  control  over  the  seller's  quality. 

In  contrast,  the  military  buyer  has  considerable  bargaining  power, 
knows  the  product  quite  well,  and  in  fact  actively  participates  in  the 
development  and  production  of  the  Item.  This  crucial  difference 
limits  the  utility  of  commercial  experience  as  a basis  for  the  military 

use  of  warranties.  Nevertheless,  the  military's  use  of  warranties  to  1 

motivate  contractors  to  improve  their  products'  reliability  has  often  ' 

been  Justified  on  the  basis  that  (1)  consumer  priuiuct  warranties  have  f 

provided  the  consumer  with  a more  reliable  or  higher  quality  product, 
and  (2)  warranties  shift  the  risk  of  repair  or  replacement  costs  to 
the  manufacturer.  Both  assumptions  are  generally  Incorrect. 

Consumer  goods  warranties  have  actually  had  a very  poor  record 
from  the  consumer's  perspective.  Generally  they  have  been  used  as  a 
pt\'*not iona!  dt'i'ii'e  to  Increase  sales  and  market  share  or  as  a pvo- 

device  to  limit  liability  through  exclusions  and  disclaimers.' 

In  either  case,  warranties  serve  the  seller's  interests,  not  the 
customer’s. 

One  good  example  of  the  use  of  promotional  warranties  is  provided 
by  th«>  automotive  industry.  Before  1*1(10,  all  car  makers  granted  a 
three  months  or  4,000  miles  warranty  to  consumi'cs  and  a coiu'»>aled  one 

'j.  G.  Udell  and  E.  E.  Anderson,  "The  Product  Warranty  as  an 
Element  of  Competitive  Strategy,"  Jcuvfuil  of  ^^Tvketifui,  Vol . 32, 

October  Hb8,  pp.  1-8;  G.  Fisk,  "Systems  Perspective  on  Automobile 
and  Appliance  Warranty  Problems,"  The  Jouifial  of  Cotwiover  Affiivv, 

Vol.  7,  No.  1,  Summer  lh73,  pp.  32-')4. 
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voar  nr  12,000  miles  warranty  to  iloalers.  Ford's  marketing  peopJe 
thouglit  that  they  could  attract  more  customers,  at  almost  no  extra  cost, 
hy  ol  fericig  the  dealer  warranty  tllrectly  to  consumers.  Other  car  makers 
immediately  copied  this  move,  nullifying  competition  on  that  basis. 

In  1962  Chrysler  extended  Its  warranty  to  five  years  or  50,000 
miles  on  the  power  and  drive  train,  and  the  other  auto  makers  offered 
two  year  warranties  for  the  entire  car.  This  differential  remained 
until  1967  and  was  generally  believed  to  have  been  a major  factor  in 
improving  Chrysler* s market  share  67.7  percent  (from  9.6  percent  in 
1962  to  16.1  percent  in  1967),  doubling  its  sales  volume  (from  667,000 
cars  in  1962  to  1,343,000  cars  in  1967),  and  tripling  its  net  income.^ 

For  the  1967  model  year,  the  auto  makers  matched  Chrysler' s war- 
ranty. This  lasted  until  1971,  when  all  domestic  car  makers  reduced 
their  warranties  to  one  year  or  12,000  miles.  They  found  their  pro- 
motion abilities  better  than  their  warranty  coverage  abilities.  An 

3 

FTC  report  concluded: 

1.  Quality  control  and  warranty  performance  were  declining. 

2.  The  Industry  deliberately  oversold  its  improved  warranty  in 
the  19608,  creating  the  impression  that  "higher  levels  of 
engineering  and  manufacturing  skill"  had  overcome  the  com- 
plexity of  the  automobile. 

3.  Warranty  extensions  had  no  correlation  with  quality  or  devel- 
opments in  engineering  and  manufacturing. 

4.  The  Industry  ran  one  ad  after  another  emphasizing  warranty 
as  a proof  of  a better  made  car. 

^A.  A.  Strod,  "An  Investigation,  Using  Computer  Simulation  of 
Model  of  Product  Warranty  Effect  on  Operating  Income,"  Ph.D.  disser- 
tation, Syracuse  University,  June  1975;  T.  S.  Cllckman  and  P.  D. 

Berger,  "Optimal  Price  and  Protection  Period  Decisions  for  a Product 
Under  Warranty,"  Management  Science , Vol.  22,  No.  12,  August  1976, 
pp.  1381-1390. 

^Strod  (1975),  p.  26. 

3 

"Staff  Report  on  Automobile  Warranties,"  Federal  Trade  Commis- 
sion, 1968. 


-37- 


Some  car  makers  admitted  their  estimation  errors.  In  hecemher  of 
196h  Ford  Motor  Co.  estimated  that  their  1967  model  year  extended  war- 
ranty would  cost  them  $79  per  car.  In  July  1970,  Ford  reported  that 
their  1967  model  year  warranty  cost  would  actually  exceed  that  esti- 
mate by  over  50  percent  ($120  per  car).  At  that  time,  there  was  a 
substantial  Increase  In  warranty  costs.  The  total  Ford  outlay  to 
dealers  for  warranty  costs  between  1966  and  1967  Increased  by  $130 
million.  For  General  Motors  the  Increase  added  $200  million  to  costs; 
for  Chrysler,  $80  million.^  As  a result,  some  car  makers  attempted  to 
redtK'o  their  costs  by  limit  injt  reimbursements  to  dealers.  In  one  case, 
the  dealers  sued  the  auto  maker  because  it  had  advertised  the  1967-69 
five  year  warranty  "without  regard  to  its  own  quality  control  of  its 
manufacturing  process,  and  further  without  regard  to  the  inadequate 

number  of  trained  mechanics  available  for  employment  in  automobile 
2 

dealerships."  In  summary,  the  extended,  RlW-llke  auto  warranty  has 
generally  not  resulted  in  a more  reliable  or  higher  quality  product. 

Its  use  Itas  been  mostly  promotional. 

Turning  to  the  use  of  the  warranty  as  a device,  the 

President's  1969  Task  Force  Report  on  Appliances,  Warranties  and  Ser- 
vices concluded,  "The  majority  of  the  major  appliance  warranties  cur- 
rently in  use  contains  exceptions  which  are  unfair  to  the  purchaser 
and  which  are  unnecessary  from  the  standpoint  of  protecting  the  iminu- 

3 

facturer  from  unjustified  claims  or  excessive  liability." 

A supporting  congressional  study^  found  that  the  exemptions  and 
disclaimers  that  producers  used  in  limiting  their  legal  obligation 
fell  into  the  following  categories: 

'r.  a.  Moellenberudt,  "An  Analysis  of  the  Effects  of  the  Product 
Warranty  on  Selected  Companies  in  the  General  Aviation  Industry," 

Ph.D.  dissertation.  University  of  Nebraska,  Lincoln,  1973. 

2 

Quoted  in  "Some  Variable  Costs  of  Ownership:  Repairs,  Insurance, 
Warranties,"  iVvisumcr  Report e,  April  1970,  p.  202. 

3 

Reported  In  the  House  Interstate  and  Foreign  (U'mmerce  Committee, 
Subcommittee  on  Commerce  and  Finance,  Staff  Report  on  Consumer  Vtwluot 
Wiirnmt i , September  197A. 

4 

Ibid. 
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1.  Transportation  and  shipping  costs  and/or  serviceman's  travel 
charges  excluded. 

2.  Home  use  only — other  uses  excluded. 

3.  Filters,  plastic,  and/or  glass  parts  excluded. 

4.  Consequential  damages  excluded. 

5.  Disclaimer  of  implied  and  all  other  warranties. 

6.  Limited  to  parts  only  or  to  specific  parts. 

7.  Warranty  registration  card  required. 

8.  Void  if  serial  plate  defaced. 

9.  Special  appliances  excluded. 

10.  Opinion  of  the  seller  governs. 

11.  Valid  for  original  purchaser  only. 

Analogous  exemptions  and  disclaimers  are  to  be  found  In  the  RIWs, 
particularly  in  the  contract  clauses  describing  failure  exclusions 
(Sec.  II). 

Consumer  warranties  have  worked  so  poorly  that  Congress  passed 
the  Magnuson-Moss  Warranty  Act  in  1975^  to  assure  the  consumer  some 
warranty  protection  through  Federal  Trade  Commission  monitoring  of 
warranty  practices. 

The  consumer  product  warranty  experience  does  not  substantiate  a 
warranty's  ability  to  protect  the  buyer  or  produce  a better  product. 
Contrary  to  the  lessons  offered  by  commercial  experience,  the  DoD  is 
using  warranties  to  expand  contractor  liability  and  Induce  quality  in 
product  design. 

Commercial  Airline  Avionics 

As  with  consumer  products,  the  use  of  warranties  on  commercial 
avionics  equipment  has  been  cited  often  as  a basis  for  the  use  of  RIWs 
by  the  military,  particularly  since  one  study  concluded  that  RIWs  In 
commercial  avionics  procurement  produce  higher  equipment  reliability.^ 

^P.L.  93-657,  15  U..S.C.  2301  (1975). 

2 

H.  Balaban  and  B.  Retterer,  "The  Use  of  Warranties  for  Defense 
Avionics  Procurement,"  ARINC  Research  Corporation,  RADC  TR-73-249, 

June  1973.  See  also  P.  Klass,  "New  Data  Yield  Clues  to  Reliability," 
Avmtum  Week  and  Teahnoloijij,  February  13,  1967. 
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TIuit  roport  I'ompart's  military  and  airliiu'  MTBKs  I'l'r  simil.ir  oquipmont 
(st*o  Tablo  vH).  At  first  sight,  it  appi-ars  that  tlu'  alrliiu'  MTIU's  ar»' 
higher,  even  for  the  last  three  equipment  classes  where  the  eomparisons 
are  between  identical  units.  Yet  the  equipment  is  similar  only  in 
function,  not  necessarily  in  performance.  The  higher  perforr’.aine  stan- 
dards for  the  military  may  decreitse  reliability.  For  example,  although 
an  inertial  navigation  system  for  a commercial  airliner  and  a troop 
transport  may  be  similar,  the  military  demands  greater  precision  or 
Imposes  gre.iter  environmental  loads.  A commercial  transport  aircraft 
inertial  navigation  system  need  only  be  accurate  enough  to  keep  the 
airplane  in  a 20  X 25  mile  lane  box  until  radar  picks  it  up  near  its 
destination  point  and  vectors  it  in.  A troop  transpiirt  would  require 
much  greater  accuracy  because  it  might  have  to  find  its  destination 
point  without  the  aid  of  ground  radar.  Likewise,  the  mlllt.iry  Inertial 
navigation  system  is  subjected  to  a greater  environmental  load  in  that 
the  troi'p  transport  requires  a faster  warm-up  time  because  its  us<.‘  Is 
not  always  scheduled,  whereas  the  warm-np  time  for  a commercial  system 
is  not  critical  because  it  can  be  turned  on  long  before  its  selu'dnled 
use. 

Reliability  differences  may  also  be  due  to  one  or  more  of  the 

following  factors:  procurement  practices,  operational  environment, 

maintenance  environment,  equipment  design  and  complexity,  and  data 

collection  and  retention  procedures  (see  Table  Furthermore,  it 

is  not  possible  to  quantify  the  degree  to  which  these  factors  affect 

observed  MTBF.  Nevertheless,  that  study  concluded.  "The  extensive 

airline  use  of  warranty  provisions  in  [o'mmerc  lal  ] avionics  pro.  urenu'nt 

contracts  would  certainly  exert  a positive  Influence  on  initial  reliabil- 

> 

Ity  achlevemiMU  and  on  reliability  growth."' 

^An  illustration  of  the  difference  in  data  collection  and  reten- 
tion practices  can  be  found  in  the  Klystron  electron  tube  warranty 
program.  The  value  of  that  warranty  was  destroyed  when  the  Air  Force 
incorrectly  coded  the  item  as  a "throwaway."  When  removed  by  service 
personnel,  the  item  was  discarded  Instead  of  being  returned  to  the 
contractor  for  repair  or  replacement. 

^Balaban  and  Retterer  (1973),  p.  13. 
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TabU-  9 

DIFFKRENCES  BETWEEN  DEFENSE  AND  SPACE,  AND  COMMERCIAL  PRODUCTS, 

IN  THEIR  DESICN,  USE,  ENVIRONMENTAL  SURROUNDINCS , STORAGE,  AND  MAINTENANCE 


A.  DESIGN  OF  PRODUCT 

Dosl^ns  usually  aro  geared  to  the  fol 
priority: 

DEFENSE  AND  SPACE 

1.  Improved  performance  capabilities 
involving  advancements  in  the 
state  c>f  the  art 

2.  Continuous  operation  of  equipment 
under  extreme  environmental  and 
working  conditions 

3.  Extremely  limiting  space  and 
weight  restrictions 

4.  Reasonable  cost 


5.  Possible  long-time  storage  before 
Initial  use 

6.  Design  changes  continue  after 
pnxiuction  begins 

B.  USE  OF  EQUIPMENT 

DEFFJISF.  AND  SPACE 

1.  Moderate  pre-purchase  testing 

2.  Normally  used  under  the  worst 
possible  fielvi  conditions  at 
extremes  of  temperature, 

etc . 

3.  Operated  by  people  who  have 
little  or  no  motivation  to 
"preserve"  the  equipment 


4.  Because  simplicity  of  design 

usually  is  not  a primary  objective, 
operation  of  complex  equipment  is 
normally  also  surrounded  with  equal 
complexity.  Operational  training 
is  normally  inadequate  and  never 
keeps  pace  with  design  and  result- 
ing operation  changes 


lowing  objectives  in  order  of 

COMMERCIAL 

1.  Simplicity  of  equipment  to 
permit  fool-proof  operation 

2.  Competitive  performance 
capabl 1 Ity 

3.  Lowest  possible  cost 

4.  Reasonable  equipment  life 
assuming  normal  use  vindor 
average  conditions 

5.  Ease  of  maintenance 

6.  Design  is  completed  and  frozen 
before  production  begins 


COMMERCIAL 

1.  Extensive  pre-purchase  testing 

2.  Normally  used  under  the  best 
possible  field  conditions 
designed  for  the  comfort  of 
the  user 

3.  Operated  by  people  who  are 
highly  motivated  to  "preserve" 
the  equipment  either  because 

of  ownership  or  in  the  Interest 
of  job  retention 

4.  Because  the  eqxiipment  was 
originally  designed  with  ease 
of  operation  in  mind,  this  plus 
the  greater  experience  and 
training  of  operators  make  for 
fewer  field  problems. 


(Table  'I  oontinuoil) 
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• KN^’  IRONNKN T.U  Sl'RRtH'NOI  NtiS 
nr.FKNSK  ANP  STACK 

1.  The  location  of  ultimate  field  use 
of  the  equipment  Is  rarely.  If  ever, 
known  and  designs  must  therefore 
make  provision  for  extremes  In 
temperature,  humidity,  equilibrium, 
vibration,  maintenance  and  repair, 
etc. 

2.  Because  of  the  ever-increasing  need 
for  greater  economy  In  defense, 
there  Is  an  Increasing  desire  for 
mviltiple  usage  of  equipment  — for 
example,  aircraft  suited  to  both 
land  and  sea  warfare;  communlcat ion 
equipment  usable  in  aircraft,  on 
the  ground,  and  under  the  sea,  etc, 

D.  STORACF, 

DEFENSE  AND  SPACE 

1.  Many  of  the  products  purchased  by 
NASA  and  Dv>D  are  for  long-time 
storage  before  actual  need  and  use. 
Damage  sustained  during  this  period 
of  Idleness  Is  extremely  difficult 
to  Isolate  and  distinguish  from  the 
causes  of  nxi  I function  in  later  use. 
Mishandling  during  storage  can  be  a 
major  cause  of  later  dlsfvinctlon 

F. . MAINTENANCE 

DEFENSE  AND  SPACE 

1.  Frequently  attempted  by  In.ulequately 
trained  service  personnel  viuder  ad- 
verse field  conditions  and  with 
Improper  or  Inadequate  facilities 
and  tools 

2.  Subsequent  attempts  to  place  the 
blame  for  equipment  malfunction 
where  it  properly  belongs  are 
either  difficult  or  impossible 

3.  The  cost  of  Improper  maintenance 
and  repair  is  exorbitant  and  the 
equally  high  coat  of  settling  the 
respcuislbl  I Ity  for  malfunction 
added  to  it  make  the  enforcement 
of  express  warranties  non-cost 
effective  In  t he  ext reme 


COMMFTtClAl- 

1.  The  approximate  location  of 
ultimate  equipment  use  is  always 
knowti.  If  the  same  TV  model  is 
to  be  distributed  for  sale  in 
Canada  and  the  tropics,  suitable 
adaptive  changes  are  made  In  the 
products  sent  to  different  aii'as 

2.  Extremes  In  physical  conditions 
of  use,  such  as  excessive 
vibration,  etc.,  are  rarely 
encountered 


COMMERCIAL 

1.  On-the-shelf  storage  of  commer- 
cial products  before  sale  an.l 
use  is  of  short  duration 


lAl^Wl^lAl. 

1.  Dsually  performed  by  competent 
personnel  uuvler  favorable  shop 
condlt Ions 


Dsually  easy  to  determine 
whether  malfunction  of  equipment 
was  because  of  product  failure 
or  user  abuse 


SODRCE:  Adapted  from  letter  from  CODSTA  to  Dr.  Daul  Arvls,  Direetor, 
D.S.  Armv  Procurement  Research  Office,  I'.S.  Armv  logistics 
Management  Center,  .hilv  2,  l‘)7S. 
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rtus  I'oiu-lusion  is  not  Justified.  Altliougl)  there  mi>',ht  he  a 
eorrel.Uion  between  warriinties  and  an  increased  Mi'HF  in  conanen- ia  1 
avionics,  causality  was  not  clearly  established.  In  fact,  it  is  ques- 
tionable luiw  strong  ttu'  correlation  between  the  warranty  and  increast'd 
MTBF  actu.illy  is.  If  there  is  a correlation  between  the  commercial 
avionics  environment  and  a liigh  MTBF,  a correlation  between  the  war- 
ranty and  MTBF  does  not  necessarily  follow. 

F.ven  it  we  assume  that  the  warranty  caused  an  Increase  in  MTBF, 
did  that  necessarily  result  in  lower  life-cycle  costs  (for  the  buyerl? 
The  same  study  concluded  that  warranties  represent  just  one  factor  in 
the  airline  procurement  environment  lliat  tends  to  yield  reliability 
and  I : 1.'  values  much  more  favorable  than  those  of  compar- 

able military  applications.^ 

It  has  never  been  shown  that  the  airlines  have  more  favorable 
life-cycle  costs  as  a result  of  using  a warranty.  In  fact,  although 
recovered  warranty  claim  figures  are  sometimes  mentioned,  no  cost- 
benefit  analysis  has  been  done.“  Thus,  these  figures  are  not  useful 
except  to  show  that  some  warranty  claims  were  made  .and  recovered. 

The  evidence  Is  insufficient  to  support  the  assertions  that  the 
airlines  have  a higher  MTBF  than  the  military  because  of  the  warranty 
or  that  the  warranty  results  in  lower  life-cycle  costs  in  commercial 
avionics  procurement.  Therefore,  the  Justification  of  warranty  usage 
in  the  military  on  the  basis  of  better  MTBFs  in  commercial  avionics 
is  misleading. 

COMPLETED  POD  WARRANTY  PROGRAMS 

The  extensive  trial  use  of  RIWs  was  prompted  largely  by  the 
highly  regarded  use  of  warranties  by  commercial  airlines  and  some 
favorable  analysis  of  their  potential  for  military  application.  Al- 
though the  action  coincided  with  considerable  attention  to  the  concept 

4bld.,  pp.  22-23. 

^"The  airlines  have  developed  no  standard  by  which  to  measure  the 
cost-benefit  derived  from  the  use  of  warranty,"  Blzup  and  Moore  (lb7bl, 
p.  B-^*. 
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bv  iH'tli  I hf  Navy  fuui  the  Air  Von-e,  actual  UuI)  cx\u>rlcncc  wit  It  war- 
rant l<‘s  at  t lu’  time  was  v«*ry  limited. 

Kveii  tiulav,  1 ill ermat  hut  alunit  actual  warr.iuty  outcomes  Is  llmlteil. 
Av.'il  table  outcome  data  on  the  current  trial  warranty  procurements  are 
sc.irce  and  I lU'ouc  1 us  1 ve.  However,  available  daf.a  ilo  pi'fmlt  <‘xamliiat  loii 
ol  the  three  programs  In  which  the  warranty  period  has  lapsed. 


The  Navji's  1_7  1_  (!vroscop«> 

Tor  practical  purpos»‘s,  the  first  lt»‘m  purchased  bv  one  ol  t lu- 
military  si-rvlci-s  under  a warranty  was  the  Navy's  t’N4‘)AA/A.lH- I Cyto- 
scope (here  lu.ift  er  refi-rred  to  as  the  ?|7l  nyro — tin-  cont  r.-ict  or ' s 
nonit-nc  I at  tire) . Tlu-  .’171  gyro  was  Initially  di-sluned  and  produceil  bv 
hear  Slenler,  Inc.  In  the  l‘ISOs  and  was  Int  roiliiced  Into  service  with 
the  A-A  and  I'-A  aircraft  In  the  early  I'lbOs.  Tlu-  Item  Init  tally  ex- 
\u-rlenced  disappointingly  low  re  1 lab  1 1 1 1 y--a  MTIIK  of  100  flight  hours. 
In  response,  a product  Improvement / ret ro f 1 t program  was  be^iin  to  devise 
and  Institute  correct lv«-  design  changes.*  Within  several  years,  t he 
MTHK  was  Improveil  to  ’iAb  flluht  hours.  However,  the  Navy  never  became 
entirely  self-sufficient  In  overhaul  Ing  snd  r«'p.'ilrlnK  failed  units. 
Hecause  of  the  many  returns.  It  retained  hear  Slejtler  to  handle  spill- 
over repairs. 

*See,  i-.g.,  Oepartment  of  the  Navy,  Headquarters  Naval  Materiel 
Command,  "App I Ic.-it  Ion  of  Kalliire  free  Warranty  I’rovlslons,"  Memorandum 
dated  II  May  l‘>7);  better  from  Navy  Materiel  C.oiiimaiul  to  Commanders  iil 
.Systems  (\>mmands,  "Trial  Ose  of  Reliability  Improvement  Warranties," 

20  March  l‘)7A;  0.  .1.  Allen,  Aj'p  I t\\lt  ii'fi  of  I i tij 

Wiiffouttf  (1\IW)  ti'  /)>/’  /’t't’iv/tvwesilti.  Master's  thesis.  Naval  Tosturaduate 
Si-  hoo  1 , Ma  rc  h 1 7 S . 

^See,  e.g.,  H.S.  Air  Force,  OCS/Systems  and  hoglstfcs,  Olrectorate 
of  rrocurement  Policy,  Itituvi’m  h'ol  iiihi ! i tij 

WiM'iMN  f 1/  f/i’/l*'),  duly  I')?/*;  ARINC  Research  (Corporation,  I'l'i'I  tmi'niirij 

i'n  Wonwitij  Ni't'ih,  Foo  I lui  1 1 i'H  ('fftorio, 

10  September  l‘)7A;  P.  Ounn  and  A.  Oltyan,  FOalttot  t\<ii  of  ('ri- 

tt'vio  fi'  ho  Uood  in  tiio  I't-lootii'n  of  i\ituiidiit,’t\  f'o  itthi ! i tit 
rmproOt-rnont  WiIIVMuI  ri-a.  Master's  tlu-sls.  Air  Forci'  Institute  of  Tech- 
nolotty,  danuary  1*17'';  ARlNtC  Research  Corporation,  'I'hii  liot'oh'l'inont  ti'ui 
Anijlitutti  of  I\IW  toiil  COh  f’t'i'i'Mi/’i’ua  for  tfu-  Air  I'omhtt  hiiiiitor  IdiT) 
Air'voft,  February  l')7‘>. 

'see  Ihilted  St.it  es  Navy,  Aviation  Supply  Otflcc,  I’.i;-.'  }'i  oti'i'iiii 
of  l.i'i'  \lifo  I'lti’.'o  'ill  •■>!,; ) 'i*. '.•.•ti-t-i’i.'i.'lii,  April  I'*?-). 
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In  1967,  using  tlu'  data  and  oxpor ifuco  gamed  In  this  role,  I.ear 
Siegler  proposed  a warranty  arrangement  (tiu'n  lalled  a "failure-free 
warranty")  for  the  repair  of  a fixed  gyro  population  of  800  units  for 
1500  operating  hours  per  unit  or  five  years,  whichever  occurred  first.* 
Overhavjl  and  repair  responsibility  for  the  other  2400  units  In  the 
Inventory  remained  unchanged. 

The  resell Ing  warranty  contract  had  the  goal  of  Increasing  the 

warranted  gyros'  MTBF  from  400  to  520  operating  hours  In  three  20- 
2 

month  phases.  The  f irst  phase  Improvt’menl  to  400  lunirs  w.as  expected 
to  result  from  planned  updating  of  all  800  units  to  the  then  most 
reliable  configuration.  The  second  and  third  phase  Improvements  to 
480  and  520  luuirs  were  to  come  from  processing  Improvements  .and  engi- 
neering redesign  resulting  from  failure  analysis.  The  contractual 
perfornvtnce  that  was  called  for  differed  In  two  significant  respects 
from  the  warranty  contracts  In  force.  First,  the  contractor  was 
obligated  only  to  repair  failed  units.  In  this  respect,  the  warranty 
was  actually  a type  of  fixed-price  contractor  maintenance  contract  for 
a subpopulat Ion  of  gyros.  Second,  unlike  tlie  warranties  featuring 
MTBF  guarantees,  the  2171  gyro  warranty  did  not  require  corrective 
redesign  and  retrofit. 

3 

The  Interim  reports  on  the  warranty  were  generally  favorable. 

TIk'  520-hour  MTBF  go.il  was  achieved  two  ye.ars  earlier  (10711  tlian 

predicted.  During  the  same  period,  the  MTBF  of  non-warranted  gyros 

4 

Improved  to  442  hours. 

*The  warranty  ended  after  five  years  but  was  extended  two  months. 

2 

The  pre-warranty  MTBF  was  246  fhjt'tiij  hours.  For  purposes  of 
the  warranty  this  was  converted  to  oi'Ct'otint]  hours  using  .i  fact«>r  of 
1.63. 

3 

See,  e.g.,  J.  Harty,  "A  Fractlcal  Life-Cycle  Cost/Coc.t  of  Owner- 
ship Type  Procurement  Via  Long-Term/Mul t 1-Year  'Failure-Free  Warranty' 
(FFW)  Showing  Trial  Procurement  Results,"  In  1971  of  Hcl  t\ib{  1 i (u 

iirui  Hiintainirbility,  June  1971,  pp.  241-251  ; 0.  Markowitz,  "A  New 
Approach:  Long  Range  Fixed  Price  Warranty  Within  Operational 
F.nvl ronments — For  Buyer  User,"  Ibid.,  pp.  252-258;  0.  Markowitz, 

(■ui  Am/ifiu'ii  of  FY  197?  ('out  Foifinj  from  tho  Fh'W, 

('ofitvoot  in  iiou  of  «i  ('o'tmot'oitil  (^oovhonl  Coni)\}ot 

AJ  t ot'not  ioo.  United  States  Navy,  Aviation  Supply  Office,  .Itine  197  1. 

^Blzup  and  Moore  (1976),  p.  176. 
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AttrtbutUm  ol  tlu'  reliability  Improvi'ment  ami  tlie  ln-ttor  relia- 
bility of  tl»o  warraiUoii  units  to  tiio  warranty  Itsi'lf  must  prmeisl 
cautiously.  Some  ot  Lite  Improvement  was  likely  ilue  to  the  conflmira- 
t Um  upilat  Inyt  ami  the  processinn  Improvenu-nt s Ulentlfleil  before  the 
warranty,  l.i-ar  Sle>tler's  performance  umler  the  warranty  Inclmlml  a 
continuous  lest  program  usln)t  laboratory  units.  Roughly  '>0,000  hours 
of  testing  provliieil  data  that  directly  Influenced  corrective  design 
changes  In  warranted  units.*  To  the  extent  that  the  warranty  Imluded 
a requirement  for  continuous  testing.  It  could  perhaps  be  credited 

with  the  improvement.  Increased  testing  and  modification  based  on  the 

2 

infornviit  Ion  generated  has  long  been  suggested  as  a salutory  reform." 

It  remains  to  be  seen  whether  requiring  continuous  testing  Independent 
of  a warranty — that  is,  using  some  of  the  funds  now  Invested  In  RlWs 
to  finance  additional  testing  and  modification — could  have  produced  .> 
similar  outci>me  while  saving  the  administrative  costs  of  the  warranty. 
That  possibility  dilutes  the  force  of  the  2171  gyro  warranty  experi- 
ence as  a prescriptive  model  for  further  warranty  application. 

Whether  the  warranty  approach  saved  the  Navy  money  is  also  uncer- 
tain. A study  prepared  for  the  Navy  Air  Systems  Command  found  t liat 
warranty  costs  at  the  end  of  the  basic  contract  actually  exceeded  the 
probable  coats  of  support  without  the  warranty,  but  that  after  the 
two-month  contract  extension  designed  to  compensate  for  earlier  undt'r- 
utlllzatlon,  I he  Navy  realized  costs  savings  from  the  warranty 
approach.*  Independent  recalculations  in  the  courst>  I't  this  study 
revealed  the  differential  to  be  much  less  th.m  t lu'  Navy's  calculation; 
In  fact,  after  the  period  extension  the  warranty  costs  very  slightly 


*ARlNl'  Research  Corporation  Warranty  Information  (a*nt»'r,  "I'ase 
Study  of  the  2171  Cyroscope,"  n.d, 

■^See,  e.g.,  hVport  oj'  t hr  Convtt  iuu'cin  i!ro<’V>wu'nt  Piwto'.'m'ut , 
Vol . 2,  pp.  lS7-lbh;  Robert  Perry  et  al.,  .''i/i'trrr!  Arijui  til  t } !'t)\itr- 

•jirti.  The  Rand  Corporation,  R-7  i 1-PR/ARPA,  dune  l‘»71. 

*Blzup  and  Moore  (l')7b),  pp.  11-12  and  Appendix  A. 
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tlu'  pri'dictt'd  cost  of  the  non-warrant v alternative.^  This 
difference  is  probably  offset  by  the  savings  from  reduced  spares  re- 
iH'irements  made  possible  by  the  higher  MTHK  levi-ls  of  warranted  units 
(about  2 ) percent  fewer  spares  in  the  c.nc.e  of  the  2171  gyro  RIW 
population),  whatever  the  cause,  and  hy  the  greater  OR  rates  themselves. 

The  2171  gyro  had  been  redesigned  several  times  and  the  contractor 
was  experienced  in  servicing  the  fielded  inventory.  A substantial  in- 
crease in  testing  and  the  information  gained  may  have  accounted  for  the 
greater  MTBF  improvement  in  the  warranted  gyros.  The  contr.act  itself 
resembled  a fixed-price  maintenance  contract  (note  the  emphasis  on 
repair),  although  admittedly  one  with  an  eye  toward  reliability  growth 
(note  the  MTRF  goals).  The  ambiguity  of  the  outcome  aside,  the  2171 
gyro  warranty  is  a difficult  one  from  which  to  generalize. 

The  Air  Force's  F-111  Gyroscope 

The  next  major  contract  involved  the  gyroscope  for  the  Air  Force's 
F-lll.  The  F-111  flight  control  gyro  (SBK-11/A24C-26)  was  originally 
designed  in  the  early  1960s  by  General  Electric  specifically  for  use  in 
the  F-111.  The  first  534  units  were  supplied  by  General  Electric  under 
a sole-source  contract.  After  a review  of  FY  1969  program  requirements 
the  Aeronautical  Systems  Division  of  Air  Force  Systems  Command  conclu- 
ded that  the  low  reliability  of  the  gyros  necessitated  a new  procurement 
in  a competitive  environment.  The  Navy's  gyro  warranty  provision  in- 
spired Inclusion  of  a warranty  requirement  in  the  new  F-111  gyro  procure- 
ment. Lear  Slegler,  the  supplier  of  the  Navy  gyro,  won  the  competition 
for  that  procurement. 

The  contract  awarded  to  Lear  Slegler  in  January  1969  called  for  the 
purchase  of  601  gyros,  which  were  warranted  against  failure  in  that  Lear 
Slegler  promised  to  repair  or  replace  any  units  that  failed  during  the 
warranty  period,  ended  by  agreement  of  the  parties  in  November  1976. 

There  was  no  MTBF  Improvement  guarantee  or  goal.  The  non-warrant ed , 

2 

General  Electric  gyros  were  experiencing  an  MTRF  of  681  operating  hours.' 

'see  Table  10  for  tlie  two  calculations. 

2 

Calculated  from  a measurement  of  426  flight  hours  using  a factor 
of  1.6. 
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Alttiough  there  was  no  guarantee,  Lear  Slegler's  proposal  Indicated  an 
expected  Improvement  to  1494  operating  hours. 

The  MTBF  growth  has  fallen  short  of  that  projection.  During 
October  1973  the  warranted  gyro  population  achieved  a MTBF  of  1214 
operating  hours.  At  the  same  time,  the  nun-warranted  units  still  in 
use  demonstrated  an  MTBF  of  749,  the  increase  generally  attributed  to 
a variety  of  Improvements  initiated  by  Air  Force  Logistics  Command. 
Since  that  date,  the  MTBF  of  the  Lear  Siegler  gyro  lias  steadily  fallen: 
In  October  1974,  it  was  down  to  1162;  In  July  1976,  It  had  fallen  to 
995  operating  hours.  The  difference  in  measured  reliability  levels 
cannot  be  traced  to  a warranty:  Lear  Siegler  incorporated  no  major 
design  changes  during  the  warranty  period.^ 

Several  factors,  other  than  measurement  imprecision,  may  have 
accounted  for  the  difference  between  the  reliability  levels  of  the 
warranted  and  non-warranted  gyros.  First,  the  warranted  units  were 
produced  by  a new  manufacturer  at  a later  date  and  as  a result  of  a 
eompctitix'e  (through  formal  advertising)  source  selection;  these 
changes  may  themselves  have  Improved  reliability.  Second,  there  was 
extensive  additional  failure  mode  testing  conducted  during  one  year 
before  the  warranty  period.  As  in  the  2171  gyro  program,  this  aug- 
mented test  regimen  probably  Improved  the  Item's  reliability  and  could 
be  duplicated  even  without  a warranty. 

The  F-111  program  itself  was  plagued  by  problems,  many  Interfering 
with  the  expected  operation  of  the  warranty.  The  two  most  Important 
factors  were  fewer  units  purchased  and  severe  underutilization  of  the 
units  that  were  purchased: 

o The  initial  plans  called  for  the  purchase  of  601  warranted 
units.  The  initial  contract  was  Influenced  by  cutbacks  in 
the  F-111  program  and  called  for  only  332  units.  Additional 
revisions  reduced  the  number  to  128. 


Lear  Siegler  did  make  one  minor  change:  incorporation  of  a new 
bearing  actuation  to  correct  a directional  gyro  drift  problem. 
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o When  the  warranty  period  ended,  the  operating  hours  of  ttie 
warranted  units  were  about  half  tlie  expected  amount.  The 
underutilization  was  due  to  recurrent  groundings  of  the  F-111 
fleet  and  delays  In  installations  of  the  gyros.  The  warranty 
period  began  when  the  gyros  were  delivered  to  the  Air  Force; 
the  F-111  prime  contractor.  General  Dynamics,  often  installed 
them  six  months  later. 

The  combination  of  tliese  events  had  two  Important  results.  First,  the 
ultimate  cost  per  operating  hour  of  the  equipment  was  very  high,  hater 
contracts  used  special  price  adjustment  provisions  to  address  this 
problem.  A more  troublesome  result,  one  not  addressed  by  new  contrac- 
tual clauses.  Is  the  deleterious  effect  on  the  contractor’s  motivation 
to  make  changes.  The  few  units  in  the  field  and  the  low  rate  at  which 
they  were  used  meant  that  a representative  failure  distribution  was  not 
achieved  until  the  warranty  period  was  80  percent  complete,  hear 
Slegler  Justifiably  chose  not  to  make  any  investments  in  engineering 
improvement:  Its  remaining  period  of  responsibility  for  the  reliabil- 

ity of  its  gyros  was  not  very  long,  and  the  prospect  for  recoupment  of 
Its  investment  was  reduced  by  the  small  number  of  units  in  the  field. 

A third  result  was  that  hear  Slegler  failed  to  meet  tite  turn-around 
lime  goal  (TAT  goal  was  AS  days;  actual  TAT  was  90  days). 

The  Navy’s  APN-15A  Radar  Transponder 

The  APN-154  is  an  airborne  X-band  Radar  Transponder  that  extends 
the  range  of  surface  radar  and  identifies  specifically  equipped  air- 
borne targets.  It  was  first  produced  (by  United  Telecontrol)  in  1965 
and  has  been  used  in  such  aircraft  as  the  A-6,  A-7 , F-4,  F-14,  Cll-46, 
and  CH-53.  Installed  In  fixed  wing.  Jet,  and  propeller-driven  air- 
craft, as  well  as  rotary-wing  aircraft,  the  equipment  must  operate  in 
various  mechanical  and  thermal  environments.  Farly  reliability  tests 
found  many  failures  (the  transponder  had  an  IfTHF  of  534  operating 
hours  In  1968)  were  environmentally  related.  For  example.  In  one  case, 
the  transponder  was  mounted  adjacent  to  the  Jet  exhaust  tall  cone. 
During  normal  flight  and  ground  operation,  the  equipment  temperature 
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was  maintaiiH'it  well  wittiin  Its  limit,  but  in  fxtt>n<it*cl  jet  otiKiiu- 
ground  operation,  as  might  occur  during  engine  lest  or  an  unusual  taxi 
situation,  the  equipment  temperature  would  rise  more  tiuui  iO'C  above 
the  maximum  limit,  causing  equipment  failure.  Design  changes  in  the 
heat  sink  and  component  part  selections  provided  satisfactory  trans- 
ponder operation  at  the  higher  temperature  and  an  unspecified  increase 
in  MTBF. 

in  early  1*172,  United  Telecontrol  undertook  a company-funded  study 
to  develop  longer-lived  replacements  for  the  hu-al  oscillator  and 
magnetron  assemblies.  Tliese  two  thermionic  assemblies,  produced  before 
solid-state  devices  of  sufficient  reliability  were  affordable,  were  the 
major  causes  of  earl'  r failure:  They  contained  cathodes  that  limited 
assembly  life  to  about  2S0  hours.  The  study  produceil  a suitable  S4>1  id- 
state  ri'placemi'iit  for  the  local  osi-illator  design,  ri-quiring  4'nlv  minor 
power  supply  modifications.  Although  the  search  for  a solid-state 
magnetron  assembly  was  not  successful,  the  contractor  discovered  that 
the  magnetron’s  life  could  be  extended  by  redesigning  the  existing 
cathode  structure. 

United  Telecontrol  then  submitted  an  unsolicited  pri>posal  to  the 
Navy  to  substitv.te  the  solid-state  oscillator  and  modify  the  magnetron. 
This  proposal  was  combined  with  provisions  for  warranty  coverage 
(known  then  as  a " f ai lure-f ree"  warranty)  and  negotiated  as  an  KCT  to 
the  existing  production  contract. 

The  warranty  went  into  effect  in  January  1171.  It  covered  218 
transponders  for  26  months  or  1000  operating  hours.  (The  magnetron 
assembly  was  covered  for  24  months  and  300  hours.)  Data  collected 
(under  test  conditions)  at  the  close  of  the  warranty  period  indicated 
that  the  MTBF  had  Increased  to  2025  hours,  a seemingly  striking 
success  for  the  warranty  application. 

No  evidence  links  the  warranty  and  the  reliability  improvement. 

By  United  Telecontrol's  admission,  the  Improvement  resulted  from  the 
lessons  learned  from  extensive  operational  use  in  a number  of  fixed 

V.us  Schmelllng,  "FFW  F.xperlence  with  the  ArN-134  Beacon," 
Prooct'din,js  of  Aoiation  Supplu  Offioo  Failui't'  Fvi'o  Waristtitp  Fonifutv, 
Philadelphia,  Pa.,  December  1173,  p.  42. 
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and  rotary-wing  aircraft  and  the  great  Improvement  In  semiconductor 
reliability  during  the  period.  The  warranty  appears  to  have  come 
along  In  time  to  receive  credit  for  the  considerable  test  and  redesign 
effort  expended  before  Its  Incorporation  Into  the  contract. 


IV.  CONCLUSIONS 


TIk'  major  appi loat ions  of  the  RIW  have  begun  only  recently;  defi- 
nitive observations  on  their  success  or  failure  naturally  must  await 
bettor  data.  As  an  interim  effort,  this  report  lias  sougtit  to  (1)  reassess 
tlie  lessons  drawn  from  conmierclal  warranty  experience;  (2)  summarize  the 
outcomes  of  the  tliree  completed  Doll  warranty  contracts;  and  (3)  survey 
and  describe,  on  a cross-program  basis,  tl\e  substantive  terms  of  exist- 
ing contracts. 

When  tl»e  Office  of  the  Secretary  of  Defense  requested  RIW  trial 
applications  in  August  1974,  military  warranty  experience  was  scant, 
but  commercial  experience  was  widely  regarded  as  promising.  However, 
from  the  buyer's  perspective,  commercial  experience  does  not  alone 
justify  optimistic  expectations  for  RIWs,  Consumer  product  warranties 
have  usu.ally  been  either  promotional  or  protective — i.e.,  tliey  liave 
either  been  marketing  tools  or  devices  to  limit  liability.  Ttiey 
rarely  improve  product  quality.  Commercial  airline  avionics,  which 
usually  carry  warranties,  appear  at  first  sight  to  be  generally  more 
reliable  than  similar  equipment  used  by  the  military  services.  How- 
ever, there  are  too  many  differences  in  the  commercial  and  military 
worlds — e.g.,  in  definitions,  mission  requirements,  operating  and 
support  environments  and  data  systems — to  credit  the  warranties  with 
being  the  major  cause  of  commercial  products'  improved  reliability. 

Although  completed  DoD  warranty  programs  exhibited  improved  relia- 
bility, there  is  no  conclusive  evidence  that  the  warranty  was  a major 
factor.  The  Improvement  of  one  item  is  traceable  not  to  the  warranty 
but  to  pre-MPTYinti/  and  externally  generated  component  technology 
advancements.  Another  improvement  may  have  been  obtainable  through 
effective  use  of  increased  testing  apart  from  the  warranty  program, 
and  perhaps  at  less  cost.  The  third  improvement  was  due  to  several 
factors,  the  most  important  of  which  was  not  the  warranty  but  rather 
a change  in  contractors.  Nevertheless,  examination  of  those  programs 
does  permit  the  following  observations: 
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o Modification  after  some  operational  use  or  appropriate  oper- 
ational testing  is  almost  always  desirable  to  take  advantage 
of  field  experience  and  advances  in  component  state  of  the 
art  and  can  be  promoted  without  a warranty, 
o Implied  in  the  above  statement  is  the  worth  of  schedule  flex- 
ibility to  allow  Incorporation  of  test  data  in  the  subsequent 
development  and  production  process, 
o To  the  extent  that  modification  is  envisioned  or  desired,  the 
contractor  should  be  Involved  in  the  Initial  overhaul  and 
repair  activities  to  improve  its  ability  to  formulate  product 
improvements. 

o Because  the  prospect  for  reliability  growth  is  dimmed  by  pro- 
gram quantity  reductions  and  underutilizations,  RTWs  should 
not  be  applied  to  programs  subject  to  extreme  quantity  or 
utilization  uncertainty. 

Several  aspects  of  the  current  trial  applications  diminish  the 
likelihood  that  they  will  yield  conclusive  evidence  on  the  relative  value 

of  RIWs.  Because  an  RIW  is  a collection  of  complex  contractual  terms, 
one  of  the  opportunities  an  experiment  like  this  affords  is  identifying 
preferred  contractual  constructions.  This  opportunity  may  be  lost  if, 
as  in  the  case  of  the  present  set  of  contracts,  important  terms  and 
penalties  vary  widely  and  not  in  accordance  with  a conscious  plan  for 
evaluation.  Two  other  facts  make  the  variation  of  terms  disturbing: 
the  absence  of  adequate  "control"  groups  and  conditions,  and  the  con- 
tinued consideration  of  new  applications.  The  design  of  the  experiment 
should  be  improved  by  at  least  three  actions: 

o h'cduM  the  variation  in  aontraetuai  tcrmo  and  pcnaltice.  A 
first  step  is  the  careful  development  of  hypotheses  about 
desirable  constructions  so  that  variations  can  be  consciously 
and  systematically  devised  to  test  them, 
o Develop  hotter  oontrol  conditions.  The  same  difficulty  in 
l.solating  the  warranty  as  the  cause  of  the  reliability 
Improvement  in  the  completed  DoD  programs  is  likely  to  plague 
the  analysis  of  current  programs. 
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o PoiffU  the  iwpei'went . Rather  than  beginning  now  trial  war- 
ranty programs  for  an  indefinite  period,  tlie  experiment, 
which  has  a discernible  birthdate,  should  have  a finite  number 
of  trial  programs.  This  would  permit  better  assessment  ol 
Interim  data  and  prompt  final  evaluation. 

The  experiment  is  also  hampered  by  deficiencies  in  a number  of  associa- 
ted methodologies.  For  example,  both  tlie  contractor  and  the  services 
have  limited  ability  to  confidently  price  warranty  and  non-warranty 
alternatives.  Methods  for  reliability  measvirement  and  prediction  are 
similarly  imprecise.  Improvements  in  these  areas  would  enhance 
selection,  monitoring,  and  evaluation  of  warranty  programs. 

Evaluation  of  the  warranty  concept  will  be  furtner  complicated  by 
the  multiple,  independent  objectives  that  an  RIW  can  serve  and  the 
failure  to  establish  priority  among  them.  These  objectives  include: 

o Ht'l  iabi  I ity  impiw'cru'nt . This  objective  is  attained  if  the 
contractor  Is  motivated  to  change  his  behavior  so  that  the 
item  he  produces  is  more  reliable. 

o Lift'-euele  eost  veduetion  (eoet  ehiftinp^  This  objective  is 
attained  if  the  service  "makes  a good  deal" — i.e.,  if  the 
price  of  the  warranty  coverage  is  less  than  the  price  of 
alternative  logistics  support  arrangements  and  if  the  war- 
ranty does  not  cause  offsetting  increases  in  acquisition  cost 
or  support  cost  after  the  warranty  period  (or  during  transi- 
tion out  of  it). 

o (risk  eh:  ft  :n.j) . This  objective  is  attained  if  the 

service  and  the  contractor  execute  a binding  indemnif icat ion 
contract,  enforceable  in  court. 

Any  one  of  these  objectives  can  be  attained  without  either  of  the 
others.  That  is  (assuming  the  ability  to  establish  cause  and  effect), 

.1  w.u-ranty  might  induce  reliabilitv  improvement  but  increase  life- 
cycle  cost;  or,  it  might  reduce  life-cycle  cost  but  have  no  effect  on 
reliability:  or  it  might  fall  either  to  reduce  life-cycle  cost  or 
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improve  reliability  but  instead  might  represent  a binding  obligation 
on  the  part  of  the  contractor  to  provide  interim  product  support.  The 
military  must  arrive  at  a consensus  on  the  priority  of  these  objec- 
tives to  create  a framework  for  evaluating  RIW  data  and  formulating 
RIW  policy. 


DISTRIBUTION 


LIST 


25  Copies 


4 Copies 


12  Copies 


1 Copy 


1 Copy 


Commander 

US  Army  Medical  Bioengineering 
Research  and  Development  Laboratory 
ATTN:  SGRD-UBG 

Fort  Detrick,  Frederick,  MD  21701 

HQDA  (SGRD-AJ) 

Fort  Detrick 
Frederick,  MD  21701 

Defense  Documentation  Center  (DDC) 
ATTN:  DDC-TCA 
Cameron  Station 
Alexandria,  Virginia  22314 

Dean 

School  of  Medicine 

Uniformed  Services  University  of  the 
Health  Sciences 
4301  Jones  Bridge  Road 
Bethesda,  Maryland  20014 

Superintendent 

Academy  of  Health  Sciences,  US  Army 
ATTN:  ASH-COM 

Fort  Sam  Houston,  Texas  78234 


